
TECHNICAL MYCOLOGl 

VOL. I. 


T 


I 



STANDARD WORKS. 


BREWING: The Frinolples and Practice of. For the Use of 

Students and Practical Men. BjWAiiTSB J StkbS, M.D. Third Edition 
revised by Abthub E. Ling, Editor of the Journal of the Institute of 
Bre^ng.’* In large 8vo, handsome cloth, price 21s net. 

** A volnme of Browing Science, which has long been awaited. . * * One of the 
HOST OOMPLETB DT ooKTENTS and BOVEL ZK ABRAzsraEMiDNT that has yet been 
published. , , Will command a large sale." — The Brewers' Joitmal. 

The appearance of a work such as this serves to remind ns of the EKOSUOUfiLY 
BAPiD ADVAi^osus made in our knowledge of the Soientido Principles underlying the 
Brewing Processes. ... Dr Sykes’ work will nndonbtedly be of the aBSATEST 
ABB1STAN0E, Bot merely to Brewers, but to all Ohemists and Biologists interested in 
the Problems which the Eermentation Industries present.*’ — IncUyat. 


AN ELEMENTABY TEXT-BOOK OF BIOLOGY. By J. R. Ainsworth 

Datts, B.A., Professor of Biology, University College, Aberystwyth, Second 
Edition. In Two Volumes. Sold separately. 

I Vegetable Morphology and Physiology. 

With Complete Index-Glossary and 128 Dlustrations. 8s 6d. 

II. Animal Morphology and Physiology. 

With Complete Index-Glossary and 108 Illustrations. 10s. 6d. 

‘‘Certainly the best ‘bioloot' with which we are acquainted,'*— 
Medioal JoumaL 


WORKS BY A. WYNTER BLYTH, M.R C 8,, F.O S., 
Barrister-at-Law, Public Aiialjst for the County of Devon, and Medical Officer 
of Healtb for St Marylebone. 

And M, winter BLYTH, B.A., BSo., F.O.S 

FOODS : Thelp Composition and Analysis, with the Detection 

Of Adulterations, in large 8vo, with Elaborate Tables, Diagrams, and 
Plates. Handsome cloth Sixth Edition. Thoroughly revised. Price 21 b. 
“Simply indispensable in the Analyst’s laboratory.”— -TVic Aonort 


POISONS : Their Effects and Detection. Foubth Edition, In Jarge 

8to, cloth, with Tables and lUnstrations, price 21s net 
“ Undoubtedly the most complete wobe on Toxicoloer in our laneuaffo 
The Awdyii l(m the Ihird £dition). ^ ^ ^ 


FERMENTS, MD THEIR ACTIONS : a Text-Book on the 
Cnemlstry and Physics of Fennentatlve Chansres. By Gael 
O pp^HsmBB, Ph D., M.D. Translated by C. A. Mitchell, B.A„ F I.O. 
Olotb, 7g. 8d. net. > • • 

<« Buoh a veritable in hag never yet arpraied.”— Jrfwcvi’ 


BUTTERS AND WAXES ; Their Preparation and 
Manufaetnpe therefrom of Candles, Soaps, 
ana othw Froduets. By o. b Aldeb Wbight, d Sc., f rs. Secwid 
Edition, Bevised by 0. A. Mitchell, B A., F.l 0., F 0 S. In lareeVo 
bandaome olotb, with 164 lUnstrationa, 26s. net, ^ ’ 

nt " Wbioht’b work will be found absolutelt indispensable by everv 

TeohniJl 

Por other Works useful to Chemists and Manufacturers, consult the 
Catalogue at the end of this Volnme 


lOiroOK; CHIBIES CIIIFM & CO. LTD., EXETER STREET, STRIHD 



TEOBOTOAL MTOOLO^T 

THE UTILIZATION OF MICRO-l^^ 
ORGANISMS IN THE ARTS 
AND MANUFACTURES 

A PRACTICAL HANDBOOK ON 

PEEMENTATION AND FEBMENTATIVE PBOOESSES FOB THE USE 
OP BBEWEBS AND DISTILLEBS, ANALYSTS, TEOHNIOAL 
AND AGBIOULTUBAL CHEMISTS, PHAEMAOISTS, 

AND ALL INTEBBSTBD IN THE INDUSTBIBS 
DEPENDENT ON FERMENTATION 


BY 


Dr. FRANZ LAFAR 

ProleiBOT of Fermentatloii-FliTBlology and Booterlalogy In the 
ImperJol Teohnloal High School, Vienna 


With an InProduction by Dr. EMIL CHR, HANSEN 

Principal of tlie Carlaberg Laboratory, Copenhagen 


Translated by CHARLES T. C. SALTER 
IN TWO VOLUMES 

VoL. L — SCHIZOMYCETIC FERMENTATION 

WITS PLATE AND NINETY FIOURES 
IN Tsn rnTT 



CHARLES GRIFFIN AND COMPANY, LIMITED 
EXETER STREET, STRAND 

1910 • 


\Ali righU reaerm/J 



r 


2251 ' 


• PrINTEI) by 

BALLANTYNB & QOMPANT LTD 
TAvrsTooK Street Cotent Garden 
London 

• 

• • 



PEE^FACE 


Db, Lafa:^ has paid me the compliment of forwarding me a copy of the 
first volume of his Technical Myoologv/* with a request that I shoald 
write a preface to the work. A perusal of the book gives me the impres- 
sion that its contents will in themselves be a suflScient recommendation, 
and ensure the success of the work through its own inherent value ; con- 
sequently, an Introduction by me is so far superfluous. Should, however, 
a few words of mine be the means of helping to secure for the work of my 
young colleague a readier introduction, here and there, than it would 
perhaps otherwise find, I shall be exceedingly pleased. 

The lirst Volume treats of Baoteeia. In a series of chapters we are 
shown the predominant rdles — ^both useful and antagonistic — played by 
these organisms in Distilling and Brewing ; in the preparation of Wines 
and the Manufacture of Vinegar ; in the Dairy ; in Farming ; in the 
preparation of Agricultural Fodder ; and m the manufactm^e of Tobacco 
and of Sugar. Then follows an account of the relation of Bacteria to 
sundry transformations occurring in Nature, particularly the important 
facts recently established in connection with the combination of free 
nitrogen by bacterial agency, with the iron and sulphur bacteria and the 
bacteria of nitrification. 

It might be feared that, in a work aiming at objects so decidedly 
practical, the theoretical side of the subject would possibly be overlooked. 
This is, however, not the case in the present instance, as a glance at the 
Table of Contents will suffice to show. 

That the Author possesses a grasp of the historical development of the 
subject has already been evidenced m his previous treatises, and the same 
feature often appears in the present volume. 

In the majority of the Text-books and Manuals published in recent 
years, great confusion exists with regard to the appending of authors’ 
names to the Illustrations. In one and the same book, for example, we 
meet with instances where the name of the author of the original work 
whence the copy has been taken is given — as ii should be — and also 
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‘Vfitfe other cases where the actual author is ignored, his name being 
-j^laced by that of the compiler of some text-book from which the copy was 
^ obtained-— some one who himself has done nothing more than copy. 
^ Sadi a mode of procedure is in a high degree calculated to produce a 
^ itdsty conception of the actual circumstances in the mind of the reader, 
the more so because, as stated, no importance is attached to the occurrence. 

' Db. Lafae has, however, set vigorously to work to combat this bad habit 
By taking all his reproductions direct from the original sources, so that they 
" frfe clear and accurate representations of these originals. 

^ The subjects included in the present work have been dealt with in a 
"’^tny-sided manner, the Botanical as well as the Technical and Chemical 
. aspects having been borne in mind, although preference has throughout 
, accorded to the two latter. The style is flowing and clear, in many 
' places lively and picturesque, and I have read with interest even those 
portions wherein I am not at one with the opinions of the author. The 
: attention devoted to the most recent developments of the subject gives a 
special value to the book. 

Within the last two decades the study of Microbiology has made gigantic 
strides, both in the pathological and the technical branches of the subject ; 
and just as investigations into the Physiology of the higher plants gave the 
flrst impetus to the establishment of Agricultural Experimental Stations in 
all countries, so, in like manner, have the Physiology of Fermentation and 
Technical Bacteriology called into existence, within the last few years, a 
number of Stations and Laboratories for the development of those branches 
of industry wherein micro-organisms play an important part. Formerly, 
Chemistry exercised an undisputed sway over the whole of this realm, but 
now Biology has won for itself a co-ordinate position therein — a fact which 
& itow being recognised (although not yet to an adequate extent) in the 
filling of professorships at the various Technical High Schools. An army 
of eager workers has arisen, new technical journals have sprung into 
existence, and a great number of treatises and books are published on the 
subject every year. However cheering this may be in itself, the fact can- 
not be gamsaid that a portion (unhappily much too large) of these publica- 
tions ought properly never to have seen the light. It is true that an 
intimate connection with practical conditions sets fresh tasks before the 
investigator, and exeiiis on the whole a sufficiently stimulatmg influence ; 
but, on the other hand, the same circumstance gives rise to the danger of 
diverging intg by-paths, and neglecting the strict scientific conditions of 
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inveBtigation. Since these Stations and Laboratories are^ as a rnle, main- 
tained by the circle of practical men for whom they work, the investigators 
appointed thereto are often sabjected to regrettable pressure. Even 
though, otherwise, a certain amount of freedom is allowed then\ in these 
institutions, they labour under the great difficulty of being obliged — whilst 
engaged in the task of scientific investigation — to be ready at any moment 
to give assistance — coupled with analyses and any wished-for disclosures — 
to the parties interested. Still further difficulties arise when practical 
men foolishly intermeddle in scientific investigations, and especially when 
results that shall be immediately available for practical utilisation are 
impatiently demanded — ^results which, however, are only attainable by 
scientific mvestigation, and cannot be forced on at pleasure. 

Under circumstances of this nature it requires great strength of 
character not to give way to outside pressure, and many examples are 
met with in the literature of the subject where this firmness has been 
laolring. 

The result of these vexed relations between Scientists and practical 
men has been to call into existence a quasi-scientific literature by which 
neither Science nor Practice has benefited — a result which every one who 
has the healthy development of this subject at heart must greatly deplore 
and endeavour to improve according to his ability. These conditions are, 
however, in existence, and we must take them into account. Amongst the 
chaff which occupies a large part of the aforesaid technical journals, there 
is, nevertheless, some really good grain to be found, and he who undertakes 
to write a work on Technical Mycology must not content himself with 
gathering from purely scientific sources alone, but must, at the same time, 
work through the technical journals as well. This (by no means easy) task 
has been accomplished by Dr. Lafar with commendable discernment and 
ability. 

In the last few years, certainly, we have had various Text-books and 
Manuals giving a summary of larger or smaller sections of Technical 
Microbiology ; none of them, however, has treated the whole of this exten- 
sive field from so comprehensive a point of view. To prepare a work like 
the present requires not only many-sided discernment, but also enthusiasm 
for the task, combined with courage and endurance — ^properties with which 
the book shows the author to be endowed. The work will be welcomed, 
not only by those for whom it is primarily intended — viz., Technical 
Chemists, Chemists dealing with food-stuffs, fermentation, and agriculture, 



Vlli 


rjtui±'ACiij 

PharmaoistR, and Agriculturists — but many a professor also will derive 
benefit from its pages for his lectures and researches. In this respect 
the copious bibliographical references will also be of good service. 
In the present volume we have unfortunately only the numbers of the 
references, it being intended that the Bibliography shall be published as 
an Appendix to the second volume. This increases the desirabihty of the 
early appearance of the latter. 

The Publishers have produced the work in a handsome and substantial 
manner, and m this respect also the impression produced is of the best. 

EMIL OHR. HANSEN. 


Oajrlsberg Laboiutoey, 
Copenhagen, 

SepicmhGr i8g6. 
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?L MYCOLOGY: 

fyN OF MIOEO-OBGANISMS 
i AND MANUFACTURES. 


ODUCTION. 

I. 

aPONTANBOUS GENERATION. 

togry is the Science of the Character 
a iFermentative Organisms. 


Fermentative organism is the name given to any minute being of 
vegetable nature capable of exciting fermentation Whether any given minute 
organism is to be considered as a “ fermentative organism ” or not depends, there- 
fore, on the answer to th© (^estion . ** Does it possess the power of causing 
fermentation?” ^ ^ 

In first task that hes before us is to obtain a 

definition of or, in other words, to establish the common 

factor of all classified under that general title. 

This is, however, as wm soon be apparent, no light task , and the probability 
of our attempts being crowned by a successful result wdl be greater if we limit 
the scope of the question at the outset, and for the moment consider the term 
“ fermentation ” as applying merely to those phenomena with which it is associated 
in colloquial Janguage, viz., the conversion of must into wine, wort into beer, 
wine into vinegar, and fresh milk mto sour, &c. To these may also be added the 
pnpcess of putrefaction. 

Adhering to r^trietion of the term, let us follow in imagination the 
path of investigafion led to the knowledge that all the above-named 

phenomena are ocoafefo^^i^y by the activity of minute living organisms, and 
constitute a manifestatima of Ttheir vitahty , that fermentation cmd putrefaction 
arre^ in short, not pwrdy chemical molecular transforrnaUoTis, hut physiological 
processes. 

Moreover, history shall be our mstructor, and lead us on further, to the com- 
prehension of those other processes, which, for the present, we assume as standmg 
without the^ pale of the term “ fermentation,” but which, nevertheless, should 
actually be included therein. Such processes are, intefi' alia, the transformation 
of ammonia into mtnc acid, occumug in the soil of^ur fields , the decomposition 
^ I A , 
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and dissolution of dead vegetable matter ; the ripening of cbeese , the formatio 
of bog (iron) ore, <fco. (feo, 

§ 2.— Discovery of Fermentative Organisms, 

The organisms taking part in the processes of fermentation are so minu1 
that only a few can be detected, and that very imperfectly, by the unassisted ey 
The term microbe, introduced into the vocabulary of science by 0 Sedillot (I.) 
in 1878, belongs to them of right. Their examination could not be carried 0 
anterior to the invention of appliances for observing minute bodies under hig 
powers of magnification, and therefore the inventors of the microscope desein 
to be held in grateful remembrance in the domain of fermentation. These wei 
Hans and Zacharias Janssen, father and son, spectacle-gnnders, of Middelbur^ 
in Holland, who, about the year 1590, constructed a combination of lense 
which, although, of course, very imperfect when compared with the instrumer 
of the present day, must be regarded as the first compound microscope made 

Nevertheless, however great this step undoubtedly was, both from a theoretic! 
and practical point of view, and however fruitful it pioved in results, seeing the 
it rendered possible latet' discoveries m the world of the “ infinitely httle,” an 
especially of the fermentative organisms ; still the fact remama that the fin 
fundamental observations were made, not with the compound, but with th 
simple microscope, which then, as now, was little more than a magmfymg glae 
or bi-convex glass lens. 

The honour of having discovered the presence of extremely small and hithert 
undetected organisms in putrescent and feimenting hquids belongs to anothe 
native of Holland, by name Aj^tony van LEeuwenhobk. Born at Delft in 163s 
he acquired during his apprenticeship to a linen or cloth merchant m Amsterdar 
some skill in grinding small glass lenses Of this skill he made further use afte 
his final return to his native town, and succeeded in producing lenses capable 0 
magnifying from 40 to 100, and even to 150 times. With these he examine' 
various mmute objects, and frequently, amongst others, all kmda of vegetabl 
infusions m a state of decomposition. He discovered therein sundry extremel 
small creatures, many of them capable of motion, which he therefore regarded a 
animals, and named from their habitat infusoria. He died in 1723 The moderi 
world has entitled him “ the father of micrography,” that science which treat 
of the most minute forms of life. 

This newly- discovered field of research was at first regarded by Leeuwen 
hoek*8 successors from an almost exclusively medical standpoint, as it is 1 
natural instinct in man to try and maintain health and to prevent disease A 
that particular period, too, a special impetus was given to the study of medicine 
by the ravages of the plague, which only too frequently pursued its destructivi 
course throughout Europe. 

On the other hand, the study of the phenomena of fermentation denvec 
httle or no benefit from Leeuwenhoek’s discovery. The firat mvestigator whon 
we meet with in this domain is the Viennese physician, Marcus Antoniu£ 
Plenciz, who in his work Opera medxco-physvca^^^ issued m 1762, applied the 
results of Leeuwenhoek's discoveries, not only to the field of medicine, but alsc 
to that of fermentation and putrefaction In the latter connection he arriveo 
at the noteworthy conclusion that “a body undergoes putrefaction when the 
germs of vermicular creatures begin to develop and multiply; because these 
animals excrete numerous precipitations consisting of volatile salts, by which 
the liquids are rendered turbid and malodorous.” 

1 Tho Eoman numerals given in brackets after the names of mvestigatora refer to the 
Bibhographioal Referencea forming on appendix to the second volume 
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■acquaintance with these minute creatures may 
s who succeeded Plenciz, and however useful, 
ew, might be to observers the processes of de- 
duced, these questions were nevertheless forced 
■ound by another, namely, the origin of these 

Ms so copioiLsly developed %n infusions originate ? 
^'Organisms were produced from certain unorganised 
i^bsbances — chemical compounds — pi’esent in the 
^ettion being therefore considered as spontaneous 
>sing from elementary substances (primary genera- 
g^from elementary substances, as differing therefrom 
thereto (equivocal) , hence the name Heterogenesis 
which terms, as well as that immediately to be 

si, on the other hand, the possibility of a transition 
iition (ahiogenesis), and asserted that when “infu- 
a liquid or matter undergoing decomposition, 
m germs present therein. 

^n this point there arose, about the middle of the 
^pmed one of the liveliest disputes agitating the 
that period, and which, after occupying the most 
icceasive generations of scientists, only terminated, 
^^^bout the middle of the piesent century. Fiom 
gators who took part in this oontroveisy, mention 
^Keedham on the one side and Spallanzani on the 
Bst place. 


§ 3.— Needham’s Demonstration in Favour of 
Generatio iEqulvoea.” 

The most energeto d§«npion of the theory of spontaneous generation was 
the Enghsh divinei^-®|3^tor(I.). This theory was in existence long before 
his time, and badt^^^^fcwned supporters — ^among them the chemist Yan 
Helmont, who plfepoa^ a method for producmg artificial mice — but until then 
had nob progressed beyond the stage of indefinite assertion and unfounded 
hypotheses. The cause of the extraordinary support and approval accorded 
to the assumptions put forward by the English divine ]s, on the other hand, 
attributable to the novel manner m which he arrived at his theory (pub- 
lished in 1745), VIZ, not by untenable hypotheses, but by well-directed experi- 
ments. 

He set to work, for example, in the following manner An aqueous meat 
extract was boiled for a short time in a flask, which was then made air-tight and 
left to stand for several days or weeks When opened at the end of this time, 
the contents proved to be plentifully infested with ‘‘infusoria,” from which 
Needham concluded that as the “ eggs” originally present in the liquid were 
killed by the boihug and the entry of fresh ones from the outside was precluded, 
therefore the hving infusoria discovered in the liquid on re-opemng the flask 
must have originated spontaneously, not from eggs (germs), but from the lifeless 
constituents of the liquid. 

The great impression produced on his contemporaries by these statements 
can be appreciated by reference, for mstance, to Buffon'e work on the “ System 
of Generation.” • 
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§ 4.— Spallanzani’s Experiments. 

OF the two hypotheses forming the basis of Needham’s deduction, the 
accuracy of the second, i e. that relating to the exclusion of outside germs, wajs 
examined fiiyt Some twenty years after the appearance of the English theory, 
the Abb6 Spallanzani (I ) published a dissertation in which he combated the 
doctrine of spontaneous generation In this woik the Italian divine detailed 
the expel iments which had led him to the conclusion that a development of the 
animalculffi in question, in an infusion maintained at boiling-point for three- 
quaiteis of an hour, was only possible provided an, which had not been pre- 
viously exposed to the influence ot fire, bad been admitted This position was 
also maintained by Spallanzani in a second treatise (II ) 

Nevertheless, the supporters of the spontaneous generation theory weie still 
fai‘ from regaidmg their cause as lost. They characterised these experiments as 
inconclusive, smce (so they said) ‘‘ by the immoderate heat Spallanzani chose to 
employ, the air in the vessel is so unfavourably changed, and rendered so 
unsuitable for the maintenance of life, that it is no occasion for surprise that 
all development was lacking ” This objection was cuitly rejected by Spallanzani, 
but an experimental confutation was only ar* ived at much later. The next step 
in this direction was accomplished in 1836 by — 


§ 5.— Franz Sehultze’s Experiment. 

In order to avoid under-estimating the value of the very short treatise (I ) 
pubhshed by this investigator, legaid must be bad to the influence attained by 

Chemistry in all branches of 
natural science during the sixty 
years that had elapsed since 
Spallanzani’s demonstration, an 
influence which will be eluci- 
dated, in 80 far as it refers to 
the theoiy of Fei mentation, in 
subsequent sections The idea 
that ordinoiy air acts as an 
inducer of fermentation or 
putrefaction by leoson of its 
content of living germs was 
first called into existence by 
Schultze. 

He desciibed his experi- 



Fig I — Franz Sohultze’s Experiment 


ment as follows ‘‘I filled a glass flask half full of distilled water (Fig i), 
with which 1 had mixed various animal and vegetable substances, and closed 
it with a sound coik, through which weie passed two tight-fitting glass 
tubes bent to elbow joints. 1 next placed it in a sandbath and applied heat 
until the water boiled briskly, so that all parts were exposed to a temperature 
of 100° C. Whilst the hot water vapour was still issuing from the two tubes, 
I attached to the end of each an apparatus employed by chemists, in the 
coui'se of 01 game analyses, for the absorption of carbon dioxide. That on the 
left-hand side was filled with concentrated sulphuric acid, the other with a 
solution of potassium hydroxide ” After cooling the apparatus, air was drawn 
through twice every day duiing the ensuing two months, in such a manner that 
it had to pass through the sulphuric acid before enteimg the flask. The results 
confiimed the expectations ^f the investigator, the contents of the flask when 
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ed being found free from living organibma, which, however, soon made then* 
trance when the open flask wels freely exposed to the air. This proved that 
oua expoaure to the influence of fire is not an essential condition for 
jang air of the power of inducing fermentation or putrefaction 
hree yaai’s later, Theodor Sohwann (If ) entered the field as an opponent 
e tuooi*y of spontaneous generation Of his labours in this direction, a 
, inoaificatioii of the Schultze experiment, consisting chiefly in the aabsti- 
1 of a heated metal tube for the bulb tubes (see Fig. 2), occupies merely a 
dary position More 
taut in the attack on 
ihooi’y of the spon- 
,y of the phenomena 
rmontation was the 
isliinent by him of 
icb that a resort to 
is unnecessaiy in the 
iition. of such decom- 
m, but that the same 
ciiu be attained by 
Idition of some toxic 
.nee to tbe liquid 
uontation is arrested 
ly influence proved 
eof killing the fungi, 
lily by heat, potas- Fio. 2, — Theodor Schwann's Expcrlmout. 

arsoiiiate, tSsc.” He 

.horefoi’*e, the founder of the science of antiseptics. Conceniing Ins 
■neutal researches m the narrower field of alcoholic fermentation, mention 
\ ina<le in a subsequent chapter. 

0 adherents of spontaneous generation applied to Schwann’s method of 
ing the aii* the same objection (referred to above) which they had previously 
against Spallanzani They jiid not even consider themselves confuted by 
ailts of Schultze’s experiment, but asserted that here also the treatment of 
althougli by no means so violent, unfavourably modified its composition, 
futation of this doubt was only accomplished ^ter a lapse of seventeen 
and that by 

§ 6. — The Labours of Schroder and Dusch (I ). 

tigated by the researches of Loewel, who found that ordinary air could be 
«l of itH property of inducing crystallisation in a supersatumted solution 
um sulphate by filtration through cotton- wool, the two investigators 
abovo modified, in 1855, the arrangement of Schnltze’s experiment, by 
ig the incoming air to pass through a glass tube packed with cotton-wool 
entering the flask It was found that by means of this (decidedly not 
at”) treatment the air also lost its power of causing decomposition and 
mation. of minute organisms in extracts which would remain unchanged 
ir was excluded. 

) importance of this demonstration must not, however, be over-e&timated, 
nly proves the presence m the air of a ” something” capable of giving 
living creatures in inanimate nutrient media, and ot exciting substantive 
s (fermentation and putrefaction) therem. Concerning tbe nature of tins 
‘something,” the experimenters could give no satisfactory account, tliey 
ft it an open question whether the sometyng was gaseous or not It 
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ruay be considered that they were unduly diffident, since the action of the 
cotton-wool filter proves that this something must necessarily be a solid body 
and not a gas. But, on the other hand, both investigators could point to experi- 
ments wherein the previously boiled test liquid afterwards underwent decom- 
position, notwithstanding the fact that all the air which was allowed access to it 
had been filtered through cotton-wool Milk they had, m their first treatise, 
recognised as such a liquid, and to this were added, in a second communication 
by SoHUODBR (I.), yolk of egg, meat, and meat broth, in all of which cases the 
filtration of the air proved useless. This led Schroder to separate the pheno- 
mena of decomposition — characterised as fermentation and putrefaction — into 
two groups * the one, which he designated “voluntary decompo'iition/' requiring 
only oxygen for its inception, whilst the other, e g. the fermentation ot woiij, 
required, m addition, the collaboration of that unknown constituent of the air, 
which could be destroyed by fiie or arrested by a cotton-wool filter “ Whether 
this active substance should be regarded as germs floating in the air, or as some 
hitherto unknown chemical substance modified by high temperature and sepa- 
rated andi fixed by the influence of contact with the cotton fibres, must remain 
undecided ” 

Glancing back for a moment at the work of Scbultze, one would be only too 
readily disposed to consider the results of Schroder and Jlusch^s expenment as a 
retrogade step, since they not only did not afford us any further information 
beyond that established by Scbultze as to the nature of the germs in the air, but 
also called in question the accuracy of Schultze's results. And, in fact, repeti- 
tions of the Scbultze experiment by many other workers, with various modifi- 
cations, especially with regard to the kind of test liquid employed, confirmed the 
results of Schroder and Dusch. In numerous instances decomposition ensued, 
even in the boiled liquid, when purified an* (filtered or heated to redness) alone 
was admitted, whilst in other cases, under precisely similar conditions, the 
boiled sample remained unaltered for any length of time. Thus the state of the 
question at the commencement of the sixth decade was just about as fai' 
advanced as at the, beginning of the century, and the adherents of the spon- 
taneous generation theory were more certain of triumph than ever. 

§ 7. The Examination of this Theory by Pasteur. 

However, the day of refutation was close at hand, though the proof was 
not obtained by the methods which had generally been favoured hitherto, but 
winch had led to no definite issue. 

Experimenters had so concentrated their attention on keeping the air 
admitted to the boiled liquid perfectly free from active germs, that it had not 
occurred to any one to ask if the sterilisation of the liquid could not be equally 
ensured by simply boiling it, either momentarily or continuously for a short 
time. 

Reasoning from the fact that all known forms of created life (animal ns 
well as vegetable) were incapable of resisting the temperature of boiling water, 
even when exposed thereto for merely a short time, the conclusion was arrived 
at that the same efiect was produced on the small germs in question. It was 
therefore considered, humanly speaking, certain that every liquid could be 
rendered free from active germs by boihng for a short time. This was agreed 
to both by those who accepted and by those who rejected the doctiine of spon- 
taneous generation Still such belief was based on a mere assumption, as Oh. 
BoS^tet (I ), a contemporary of Spallanzani’s, implied when he inserted the 
following query in his work opposing the theory of spontaneous generation • 
Is it, then, certain that tl^re exist no animals or eggs capable of supporting a 
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temperature equal to that of hot ashes without losing their life or reproductive 
power ? ” 

Pasteur called to mind this doubt of Bonnet’s when he began to subject the 
theory of spontaneous generation to experimental e^mination in response to 
the offer made m i860 by the Paris Academy of Science of a prize for "^an 
attempt, by means of suitable experiment, to throw new light on the question of 
spontaneous generation.” From the report of his researches, which appeared 
early m the year 1862, in the form of a comprehensive treatise (I.), well 
deserving perusal, only the most important result can be referred to here viz., 
the demonstration of the posaibihty, by the assistance of sufficiently prolonged 
heating at an adequately high temperature, of sterilising (^.6. freeing from living 
germs) any substance whatsoever , and of the fact that a sample so sterilised will 
not subsequently undergo decomposition, but will remain unaltered so long as 
care is taken to prevent the access of germs from the external air. 

The objection raised by the heterogenists, viz., that decomposition is pre- 
vented by the strong heating having rendered the sample unsuitable for the 
production of germs, can be easily disposed of by inoculating the liquid with a 
few germs , these will be found to develop rapidly and luxuriantly. The sub- 
stantiality of theee germs was demonstrated by Pasteur in a very beautiful 
experiment, for which he employed a culture vessel similar to that described by 
H. Hoffmann (I*) m i860, and now generally known by the name of Pasteur " 
flask, a glass flask (fitted with a tubulus at the side for facilitating inoculation) 
the neck of which is drawn out small and bent twice like a swanks neck The 
external air is obhged, in order to gam access to the contents of the bottle, to 
pass through this neck, and as the direction of movement is changed at the ^st 
bend, all the germs are deposited there. 

Thus was laid the foundation on which the edifice of Fermentation Physiology 
was gradually raised. The possession of perfectly sterile culture media, and the 
power of protectmg them from the intrusion of unauthorised germs, is a aim qud 
oion for a successful and reliable study of the organisms of fermentation. 

§ 8.— B^ehainp’s Micpozyme Theory, 

Pasteur's mvestigation and elucidation of the causes of the tenacity of life 
exhibited by many germs thenceforward occupied the earnest attention of 
mycologists, and finally led to the acknowledgment that this power of resistance 
is possessed by the reproductive organs known as spores. The morphology and 
physiology of these organs forms the subject of §§ 48 to 55 At present, the only 
point to be emphasised is that when these life-retentive organs are once killed, 
no spontaneous development of germs can occur in the liquid harbouring them ; 
hence such hquid will remain sterile until it is artificially re -inoculated. 

It might be supposed that the adherents of the doctrine of spontaneous 
generation would have responded to these demonstrations by abandoning their 
previous attitude of opposition This, however, they did not do, they merely 
changed the field of combat without dtenng their opinion As they could no 
longer maintain that organised creatures could be spontaneously derived from 
unorganised substances, they contended that the dead cells had the power of 
liberating organised livmg matter capable of development into the various 
species 

In a subsequent paragraph we shall learn that in the cell contents of most 
fungi, e g yeast, small, highly refractive bodies, known as microsomata, may be 
frequently observed. On applying pressure to the cover-glass placed on a pre- 
paration containing cells that exhibit such enclosures, the membranes are ruptured 
and the microsomes are liberated If, now, the latter be transfeiTed to another 
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nutrient solution, there will most assuiss^fy W a development df oretwieme if we 
omit aosepre^utione which, are co»8Mered essential by the bacterioloMst, but 
rapOTfluouB by those who behove m ^onlaneous generation. Such development 
^however due, not to the mitajosottos, butto the germs introduced during the 
trmirfer. Although t^ is so evident, it iS strange that this view should have 
instenoe^ the botanists H. Earsten and A. Wigand 
^and II.), and, with still grejii|er pertiuaeily, A. B4champ. The last-mentioned 
^i^tes thMe microsomes (>« granulations moleculaires ’’) microzymies, and 
^nbutes to them such tenaoMiy ef.¥etbat they are able to remain doriumt, 
n^ onJyfor years, but even for ^tme geological periods, smoe,'a8B6ohamp asserts 
rnicrozymesof c^ ^oh yere buried m the strata form^ during 
the OretacMiM period still retaining their vitality and reproductive power A 

SfaiTZ*" h “““y amateu?^ bacteriolLists have 

^sidered to be indisputabW^ommunjoations respecting which Iwve been 
mc^ntly intruded upon the nettce of the Academy i Sefie atParS JX 
fc a^^ky volume which BliqiAnp (I.) tod before his scepiioal wnte^orAnes 


§ 9.— Spontaneous Genenadtet e®ly Unproven, not Impossible. 

&T.^ “ ««r) ; w»„ « w.. 

One thmg is established beyond doubt namelv tlinf all i-tT question. 

omgioate on our globe ? ” creature ?— How did organic life 

. »” »»«> - 

. j.^eav^aht ” organisms fium other 

sponW.. £.0,1.0. *« 

.i«o.i8oipoto.tidIy.™SSSf™ prod.,»<Hroo «.- 

may still be oneratintr TnaT, T>a i, u ’ further, that such creative power 
canLtt performmg at present The posS^Z 

questionable, and ev^^i^robable^*^ce Ttoir living beings is very 

cjated than is consistent -mth fha^ e their structure is much moi e comph- 

organisms. ^ passmg through simpler intermediate 


1 Lord Kelvni, 


fik. 
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Many investigators, and amongst them C. NIoeli (I.)^ assumed that these 
lowest forms really exist, although undiscovered at present, and in his important 
and highly suggestive work on the Theory of Descent — ^which also contains a 
fine chapter on ‘Hhe limits of knowledge in natural science” — this author 
touches upon the question under consideration He calls these presumptive 
connectmg links ProhiSn (pre-existing), on the ground of their being the pre- 
decessors of all known forms of hving beings. Such a Probion resulting from 
spontaneous generation would be “ merely a drop of homogeneous structureless 
plasma, devoid of any definite form and composed of albuminates, associated 
only with the compounds necessary for nutrition.” 

“We must assume” — says de Bary — “that organisms must at one time 
have originated from organisable but unorganised substances, without pro- 
genitors. ... To prove such a primary creation of a living being is of the 
highest interest, and exercises the same fascination on the investigator as the 
expectation of the homunculus in the phial did on the alchemist. The expe- 
rience of centuries has, however, shown that the homunculus when it actually 
appeared was simply a small imp which had been secretly passed into the flask 
by sleight of hand. . . . Therefore — admitting all imaginable possibilities — 
the^ law, based on experience, of origin from ancestors, corresponds with the 
enlightened state of our knowledge, and this is the starting-point that must be 
taken in a work which has to deed with the exact sciences ” 
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THEORIES OE FERMENTATION. 

§ 10.— Stahl’s Theory of Fermentation. 

Whoever was the first to leave the juice of sweet fruit to itself in storage for 
a few days had the pleasure of observing a phenomenon hitherto unknown — 
the incipient decomposition of the mass — which we nowadays term alcoholic 
fermentation. This observation was made at so early a date that we have no 
record of it beyond myth and tradition -The Greeks fSted the deity Bacchus 
as the inventor of wine, and the Egyptians ascribed to Osiris the first introduc- 
tion of brewing. 

Acquaintance with the nature of this phenomenon was, however, of an 
extremely superficial character for a very long time Even in the later Middle 
Ages the word fefnnmUxM,o (fermentation) was employed as synonymous with 
digeatio (digestion), the latter word being also currently used to denote any form 
of chemical reaction ; and the word ferment” was applied to any body capable 
of producing such reaction. 

At an early date it would necessarily be noticed that the “must ” when in a 
state of fermentation became covered with a froth, and that at the end of this 
operation a copious deposit, viz , yeast, was left at the bottom of the vessels 
Fermentation was therefore looked upon as a process of pnnfication, by which 
tbe initially turbid and discoloured liquid was so improved and freed from dirt, 
that the purified alcohol exhibited its true properties For this reason the 
deposit was described as the /csces vini or fceces cerematcB, i e. the excrement of 
the wine or beer. This view was held by, e g Basilius Yalentinus, a German 
monk and alchemist, who lived at Erfurt early in the fifteenth century 

It was also noticed that this sediment was a powerful ferment, i e. it was 
capable of rapidly exciting a brisk fermentation in still unfermented liquids, 
such as wine-must or beer- wort. This idea was adopted in other branches of 
chemistry, so that any reaction was considered as elucidated when the body 
acting as “ ferment ” therein could be identified Moreover, the “ philosopher’s 
stone,” the goal of the labours and aspirations of the alchemists, was nothing 
but the mudi sought for, but never discovered, universal “ferment” for every 
possible chemical process ! 

Among the disciples of the alchemic school, one other, viz , Stahl (I ), 
deserves mention, bemuse his views on the nature of fermentation were adopted 
by Liebig a hundred and forty years later. Stahl extended the definition of 
fermentation to all forms of decomposition, his theory being expressed verbatim 
as follows : “ Putrefaction (and also fermentation) is internal movement A 
body undergoing such internal movement may easily induce the same ;n any 
other body, which, though still quiescent, is susceptible of such movement.” 

§ 11.— Gay-Lussae’s Opinion. 

Stahl’s view remained in vogue until the commencement of the nine- 
teenth century, when Gay-i^i^ssao, in rSro, enunciated a new theory to a new 

lO 
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age. The discovery by Lavoisier that combustioii is -a process of oxidation, a 
combination of oxygen with the combustible substance, was an event the 
influence whereof extended over the entire domain of chemistry. The assign- 
ment to oxygen of a part in the process of fermentation was therefore opportune ; 
but Gay-Litssac was aspecially prompted by another circumstance. 

A Parisian confectioner and cook, named Appert, had made practical use of 
the experiment devised by his contemporary Spallanzani for the refutation of 
the heterogenists and, after some preliminary trials, perfected his process for 
preserving meats, vegetables, spirituous liquors, &c. To this end he exposed 
them, m hermetically closed vessels, to the temperature of boiling water for 
some time — a process which had somewhat earlier (1782) been recommended by 
the Swedish chemist Soheele (I ) for the conservation of vinegar. In this way 
Appert founded a new branch of industry — the manufacture of conserves — 
which brought him both wealth and fame. He published a volume (I.) which 
comprised the results of his experience It was widely circulated ana ran into 
several editions, the first of which appeared in 1810, and the fourth in 1831. 

It 18 therefore little matter for surpnse that the attention of the Parisian 
chemist was directed (whether from the culinary or the literary side) to the 
productions of his enterprising fellow-citizen. Gay-Lussac (I ) now examined 
conserves prepared according to Appert^s process, and found them to be free 
from gaseous oxygen. This incited him to maie fermentation experiments 
with wine-must, &c , the results of which led him to assert that the presence 
of oxygen is necessary to the incfljjiion of fermentation. A number of over- 
zealous colleagues, in expounding their master's opinion, added new features to 
it, and subsequently credited him with the assertion that oxygen is the actual 
ferment — a statement as unfounded as it is inaccurate. Gay-Lussac only claimed 
for the gas'a single function, the ino^i^on of fermentation , once the process was 
in operation the stimulus was no longer required. With regard to the nature 
of this stimulating action he was, however, unable to report more definitely. 

Among the observations which led Gay-Lussac to adopt this view, mention 
may be made of one which appeared to him particularly conclusive, namely, the 
atenksation of wine-muat hy mlph>j/nng. Y^en wine-casks, before filling, are 
thoroughly sulphured — i e. the internal air contained in them is heavily charged 
with sulphur dioxide by burning sulphur in the casks — the grape juice thereafter 
introduced remains quiet and passive, without fermenting. This circumstance 
is now unanimously ascribed to the vitality of the yeast cells m the must being 
destroyed by the sulphurous acid. Gay-Lussac, on the other hand, viewing the 
matter difieiently from his standpoint, held the opinion that as the sulphurous 
acid had a strong affinity for the oxygen, the two combined, and as no oxygen 
was available for staiting the fermentation, the must necessarily remained inert. 

The experiments made by Schwann in 1838, and described in § 13, refuted 
the opinion of Gay-Lussac, by demonstrating that the rdle of exciting fermentation 
18 set up by certain microscopic living creatures which perform their functions 
in the absence of oxygen. Subsequent research proved that the presence of this 
gfts IS altogether superfluous, so far as the progress of alcoholic fermentation 13 
concerned, although it is not without influence thereon. Pasteur (II ) in 1861 
established it as a fact that this progress is more satisfactorily effected when 
the fermenting liquid is subjected to brisk aeration. 

§ 12.— Cagniard-Latoup’s Vitalistic Theory of Fermentation. 

The French apothecary Astibr (I. and II ) has generally been credited with 
being the next mdividusLl, after Leeuwenhoek, who gave his attention to the 
nature of yeast. An examination of his pubhah^ works shows, however, that 
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his investigations into fermentation were csonducted without the aid of the 
microscope, so that he did not bring to light any actual facts concerning the 
nature of yeast, but — as was ‘pointed out, though in vain, by Quevbnne (I.) as 
far back aa 1838 — based his assumpbions on hypotheses devoid of foundation. 

In the same way another Frenchman, viz., Desmazi^res, the reputed pioneer 
of the founders of the vitalistic theory of fermentation, cannot permanently retain 
this title. Like Astier, he is said to have recognised the part played by yeast in 
fermentation, but, as a reference to his treatise, published in 1826 (m pages 42 
to 67 of vol X. of the A7101. des Sc. Nat ), will show, this assertion is incon-ect. 
In these observations Desmazi^res viewed the matter simply as a naturalist. 
His investigations of the fungoid growths covering the surface of moist substrata 
were conducted from this point of view, and it was in the course of this study 
that he examined the mycelza that develop on beer, &c. These consist of masses 
of elongated cells, to which he gave the name Mycodjerma c&i'&insicB. As he 
fancied they exhibited powers of locomotion, he considered them as belonging to 
the animal kingdom {ammalcula monadinci), but, tnie to his purely descnptive 
inclinations, he disregarded their physiological properties, and especially their 
influence on the aubsti*atum Thus the reputation attributed to Desmazi^res of 
having, in 1826, microscopically studied the morphology of the yeast-like cells, to 
which Persoon had definitely Eluded four years earlier, is dissipated by facts. 

On the other hand, a German worker, viz., Ehxleben (I ), had already, in 
1818, correctly estimated the importance of yeast, in that be asserted it to be a 
living organism, the vital functions of which are the cause of fermentation. 
Unfortunately he did not follow up this idea, which was thrown out os a mere 
occasional remark in his treatise on practical analytical experiments. Otherwise 
he would, in 1818, have anticipated what was only accomphslied twenty years 
later, viz., the establishment of the fact that (alcoholic) fermentation is cauaa- 
tively connected with the life {vita) of certain organisms. This was determined, 
almost simultaneously, by three investigators working quite independently of 
each other Oagniard-Latour in France, and Theodor Schwann and Friedrich 
Kutzing in Germany. 

The paths by which these three arrived at their common goal differed. The 
veimtile French teobnicist is known by name to the majority of educated people 
on account of the siren he invented, and which is largely used in the science of 
acoustics. He also devoted some attention to brewing, and compiled a work on 
the fermentation of beer. The preliminary studies undertaken in this connection 
led him to more closely investigate the nature of the “ yeast,” of which — notwith- 
standing the observations of Ins two compatriots already mentioned — practically 
notbmg was then known. This material he examined with the assistance of the 
microscope, and laid the results of his researches before the Parisian Academy on 
June 12, 1837, in a short paper (II.) containing the following chief points 

I Beer-yeast, instead of being an inanimate chemical substance, as previously 
supposed, actually consists of small globules which possess reproductive power, 
and are therefore living organisms. 

2. These bodies appear to belong to the vegetable kingdom, and to reproduce 
themselves in two ways, 

3. They ffeem to act upon sugar solution only whilst still living , wherefore it 
may, with great probability, be concluded that, by their vital activity, carbon 
dioxide is liberated, and the sugar solution transformed into an alcoholic liquid 

§ 13. — The Besearches of Theodor Schwann. 

As the words printed in italics m the two preceding sentences show, and as 
a closer examination of the original treatise will more clearly reveal, Cagniard 
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did not indubitably establish the vegetable nature of yeast. The accomplish- 
ment of this task, and the attribution of this organism to its proper position in 
the system of Botany, formed the subject of a treatise published by Schwaitn (I.) 
m the first half of 1837, i.6 contemporaneously with Oagniard’s paper 

In following up the results of his researches on spontaneous generation, 
Schwann studied beer-yeast, and found that the individual globules, of which the 
mass was seen under the microscope to consist, frequently became united into 
chain-hke or laterally branching bands, and presented to the eye an appearance 
greatly resembhng that of many already well-known multicellulai* fungi. It 
was not this discovery alone, however, but rather then* mode of reproduction, 
which induced Schwann to consider these bodies as of a vegetable nature In 
this process the globule pushes out from its interior a small nodule, which 
Schwann was able to observe develop to its normal dimensions Obseiwation 
of its growth leaves no doubt as to its vegetable nature, since animals do not 
reproduce themselves in this manner.” The rate of reproduction of the globules 
kept pace with the increasing briskness of the fermentation, so that Schwann 
came to the opmion that it was highly probable that the development of the 
fermentation was induced by that of the organism 

“Vinous fermentation must therefore be regarded as the decomposition 
occasioned by the sugar fungus extractmg, fiom the sugar and a nitrogenous 
body, the materials necessary to its nutrition andgiowth, whereby such elements 
of these bodies (probably among other substances) as are not taken up by the 
plant unite, by preference, to form alcohol ” 

This discovery was commumcated by Schwann to his friend and colleague, 
Professor Meyen, who tested and confi.rmed it, “ stating with leference thereto, 
that the only doubt arising was whether the organism in question was an alga or 
a thread fungus, the latter seemmg the moie likely by reason of the absence of 
green pigment.^’ Thus yeast was recognised as a fimgus, and, fiom its capacity 
of fermenting sugar, was designated sugar fungus whence the current geneiic 
name, Saccharomyoes Meyen. 

According as such a sugar fungus was found active m beer-wort or wine-must, 
it was called by the specific name of S c&remsiai or S. vim, which names remained 
in general use m them original significance until Rees (I ) m 1870 proposed a 
system of differentiation which will be more fully noticed m a subsequent 
paragraph. 

As follows from the remarks already made, the name “yeast” applied merely 
to one particular group of ferments, viz., those producing alcoholic fermentation. 
For a considerable period after Oagniard^s discovery, however, it was used indis- 
criminately for all ferments Thus, for example, Pasteur speaks of the “ yeast ” 
of lactic fermentation, meaning thereby Bacteria , and even in 1879 ]Nageli, the 
investigator of the fission fungi, refers in his “ Theory of Fermentation ” to the 
“ yeast” of putrescent unne This misuse of the teim has been abandoned, and 
the name “ yeast ” is now only employed when speaking of the budding fungi 
that excite alcoholic fermentation. 

§ 14.— Friedrich Kiitzing’s General Theory of Fermentation. 

The views promulgated by this German worker in the field of Vegetable 
Physiology and the Algm were in harmony with the spirit manifested in the 
“ Elements of Philosophic Botany ” 

Published almost simultaneously with the above-mentioned communications 
of Oogniaid-Latour and Th. Schwann — though actually compiled at a much 
earlier date (before 1834) — Kutzing’s treatise (I ) on this subject surpassed 
those of his two colleagues in more than one pfirticular The value of his 
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actual determinations is notj m our opinion, lessened by the fact that he was an 
advocate for spontaneous generation, since at that tune (in 1837) there existed 
no decisive and unassailable proofs to controvert this theory 

Kutzing did not restrict his researches solely to alcoholic fermentation, but 
also instituted comparisons with a number of other similar phenomena, regard- 
ing them all from the same point of view. Even though he must share with 
others the credit of having discovered the organised structure of yeast, that of 
determining the vegetable nature of the “ mother of vinegar ” and recognising 
its mode of action belongs to him alone With these discoveriea are associated 
a number of others of minor importance, such, for example, as the physiological 
basis of the method (propounded by Scheele) of preparing gallic acid by allowing 
a solution of pyrogalhc acid {e g. gall-nut extract) to become mfesbed with 
mould. The numerous phenomena he brings under our notice constitute so 
many pi oofs of the theory that fermentation cannot be regarded as a puiely 
chemi^ process It is well known that chemistry explains vinous fermenta- 
tion by the reaction of the so-called gluten on the amylum (starch) and sugar. 
I must firmly maintam that the explanation does not give me a clear idea of 
the process, and 1 am inclined to doubt whether others ai'e more fortunate m 
this respect It is, however, certain that the entire process of alcoholic fermen- 
tation is dependent on the formation of yeast, and the acid fermentation on the 
formation of the vinegar plant. . . . Along with the mcreased growth of these 
organisms the reproductive impulse also increases, and,^ concurrently, their 
reaction on the hquid present. ... In so far as fermentation is synonymous 
with a reciprocal reaction of organic and inorganic bodies on the constituents of 
a given liquid which may be regarded as forming the nutrient medium of the 
organic product, so is it necessarily synonymous with every organic vital func- 
tion wherefore organic life = fermentation. On the other hand, such pro- 
cesses as lead to the production of vinegar from alcohol by the use of platmum 
bleick or other similar methods, cannot be compared with fermentation, being 
purely ohermcal, whilst fermentation is an organo-chemical process, as is also the 
hfe process of any organic body ” “ 

One of the three members of the committee appointed by the Acad4mie des 
Sciences of Paris to report on the memoir presented by Oagniard — namely, 
Tuapm (L) — took the opportunity thus aflforded of experimentally dilating 
upon his compatriot’s work, and of amalgamating these new “ discoveries ” 
with the revelations of Schwann and Kutzing. In this way a volume, 
containing more pages than Labour’s communication had columns, came into 
existence, without, however, adding to our knowledge in the slightest degree. 
Turpm seems, however, to have thoroughly known his public, since he is even 
now regarded as one of the founders of the vitalistic theory of fermentation, 
not only by compilers of text-books, but also by actual investigators, from whom 
one might more reasonably expect a more thorough study of the origmal works 
of their predecessors. 

§ 15. — Liebig’s Decomposition Theory. 

Two years subsequent to the pubhcation of the works of Oagniard, Kutzing, 
and Schwann, Liebig placed before his colleagues a new theory, according to 
which fermentation was a purely chemical reaction. 

In order to avoid judging this chemist unreasonably, one must bear m mind 
the age wherein this theory was promulgated Synthetic organic chemistry 
had just been founded Eleven years previously (1828) Wohler had succeeded 
m artificially preparing urea, to the astonishment of his contemporaries, who 
had hitherto considered ai^ impossible the artificial production of 01 game 
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incipient decomposition cannot transmit the movement to the still undecom- 
posed substance Consequently this function Las to be performed by an extra- 
neous causative agent, a ferment, which in this case is necessary not only for 
commencing (as with putrefaction), but also for continuing the decomposition. 

It must be admitted that, at first sight, this definition, as also the differentia- 
tion between fermentation and putrefaction, is very attractive. Nevertheless 
it will not bear the of feen onticism Take, in the first place, the character 
on which the distfncfabli liet^^Oen fermentation and putrefaction is baaed, viz , 
that the former will not go On without the presence of the ferment, whereas, 
on the other hand, putrefaction, when once started, continues spontaneouely, 
the ferment being no longer needed. The reason why Liebig was induced to 
make this distinction is easy to fathom. In the case of fermenting beer- 
wort — which Liebig usually had m view when speaking of fermentation 
— the ferment (beer-yeast) was discernible to the naked eye, and experience 
taught that without this ferment the fermentation could not be satisfactorily 
carried on. On the other hand, the presence of those minute organisms which, 
as we now know, insinuate themselves into all substances liable to putrefaction, 
and decompose the same without, as a rule, giving rise to such a multiplication 
of the deposited ferment as can be remarked by the inexpert eye, is not so 
immediately apparent as in alcoholic fermentation. 

Thus, even in Liebig's opinion, yeast is essential to the continuance of 
fermentation , only, the ferment is degraded to a simple albuminoid substance. 
To enter nowadays into a further onslaught against this theory would be 
merely storming an undefended position. Moreover, as the subsequent editions 
of the aforesaid work demonstrate, it was gradually modified by its author, so 
that the form in which it was presented in hia latest exposition (II/) in 1870 
differs in many particulars from the original, r 
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The ooular demonstration, m individual instances, of the untenable nature 
of the hypotheses supporting this theory, to those whom the representations 
of Latour, Futzmg, and Schwann had not succeeded in convincing, was the 
congenial task undertaken by Pasteur, and brought by him to a successful 
issue with great expenmental skill. 

§ 16,— Pasteur’s Theory of Fermentation (HI.). 

The victorious antagonist of the theory of spontaneous generation was not 
content with controverting the views of Liebig , he also sought to erect a better 
theory in its stead. According to this doctrine, it is the lack of free oxygen that 
leads to the fermentation being set up by the oiganism as a means of supplying 
itself with the energy it requires by seizmg upon the oxygen thereby obtain- 
able. Fermentation is life without air” A very slight experience in this 
matter sufdces for the recognition of the fact that this theory takes no account 
of the several kinds of fermentation in which the presence of oxygen is a neces- 
sary condition, viz , the so-called oxidation fermentations — the best example of 
which 18 afforded by the acetic fermentation. In this respect the theory cannot 
be further alluded to in the present chapter, which is devoted to gen&ral con- 
siderations. It will be fully dealt with in a subsequent chapter. The only 
remark to be made now is that this theory also has proved untenable 

The permanent value of the services rendered to Fermentation Physiology 
by Pasteur are not diminished by the disproval of his theoiy of feimentation, 
since they have their root in the successful endeavour, by means of careful and 
extensive expeiimental demonstration, to bring into umvei’sal recognition the 
theoiy originated — but only imperfectly formulated — by Oagniard, Kutzing, and 
Schwann, of the causative connection between fermentation and the vital 
activity of the microbe; 

§ 17.— C. Nagrell’s Physieo-Moleeular Theory. 

Although it was by this time indubitably established that without the vital 
activity of micro-organisms no fermentation could occur, no clear account had 
been given as to how the activity itself was exerted. Several explanations 
were possible According to one which was especially advocated by Kutzing and 
Pasteur, a decomposition was effected within the cells of the organic ferments, 
which obtained them nourishment from the fermenting material sugar) and 
discharged the fermentation products as waste matter. 

According to another, the decomposing force simply emanated from the cells 
and became the direct cause of the decomposition of the fermentable matter 
around them. 

The physico-molecular theoiy, proposed by Rjlqeli (II.), expresses this view 
m the following words “ Fermentation is, therefore, the transference of con- 
ditions of movement in the molecules, atomic groups, and atoms of the vaiious 
compounds constituting the living plasma (which compounds remain chemically 
unchanged) to the fermentative matenal, whereby the equilibrium of its molecules 
IS destroyed and their dissociation induced ” The radius of the sphere of influence 
of the individual yeast cells is estimated by Nageli as from 20 to 50 /ut. 

This definition differs from that formerly given by Liebig merely in a single, 
though important, consideration, viz., it regards the living cell as the source of 
action, whereas the other definition speaks of inanimate albuminoid substances. 
Nageh was, however, unable to prove the correctness of his theory, and the calcula- 
tions deduced from other observations which he brought forward in support 
thereof have hj eourse of time proved inapplicable. 
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§ 18.— The Enzymes and M. Trauhe’s Ferment Theory. 

There is still another possible explanation of the power of living cells to act 
at a distance. This regards the cells, not as centres of radiating molecular 
movements, but as forming centres of production of metabohc products which 
penetrate through the cell membrane into the surrounding liquid. There they 
become widely distributed by diffusion, and by their influence bring about the 
decomposition of certain constituents of the solution, but do not undergo any 
chemical change themselves. These active bodies are called enzymes, and their 
behaviour is, as will be observed, diiferent from that of ordinary chemical agents, 
since the latter effect alterations in other groups of atoms by their chemical 
affinity, whereby the old combination is broken up, and the separated portion 
enters mto a new atomic grouping with a part of the active agent. Accordingly, 
a defimte weight of the agent can only displace a definite quantity (known as the 
“equivalent weight^’) of other compounds; whereas the enzymes behave differently, 
their activity being tactically lUimitahle, They do not combine with the pro- 
ducts of the reaction, but contmue to act on the residual undecomposed substance. 

The first enzyme was discovered by Paten and Persoz (I.) in 1833, who 
detected in malt extract a substance — ^which they termed diastase — capable of 
converting starch into sugar. They were, however, unable to isolate it in a pure 
condition. Three years later Theodor Schwann (III.) discovered in gastric 
juice pepsin, subsequently also named peptase, which in faintly acid solutions 
resolved undiffusible albumen into assimilable dissociation products. Smce that 
time the same enzyme has also been detected m various vegetable organisms, 
many varieties of bacteria in particular having the power of elaborating it. 
There will be ample opportunity for reference to this point along with the other 
known enzymes at a subsequent stage. At present we have only to consider them 
as the basis of a theory of fermentation, the formulation of which dates back as 
far as 1858, but has come to the front more of late years, and — so far as can be 
judged from the data at present available — will acquire still greater importance. 

As we have observed in § 10, the meaning attached, under the influence of 
alchemical views, to the word ferment was, until the close of the eighteenth 
century, very comprehensive, and it was only then that the restriction of the 
term to bodies inciting fermentation began. Oontemporaneous with the develop- 
ment of positive knowledge with regard to these bodies was the discovery ot the 
enzymes, the behaviour of which resembled that of the formei’, in so far that 
they exhibited a capacity of inducing decomposition. Moreover, the obscurity 
in which these organisms were still enshrouded was equally mysterious in both 
cases , and, since the organic nature of the true instigators of fermentation was 
either unknown or was not considered worth attention by the chemists of the day, 
it happened that the name “ferment” was also applied to the newly discovered 
enzymes With an increasing insight into the true state of the matter grew the 
conviction that two very different things had been grouped under one name, and 
this conviction found expression in the distinction thenceforward of the true 
instigators of fermentation as organised or structural ferments, whilst the enzymes 
were designated unorganised or structureless ferments. These terms are still 
current in chemical text-books, whereas in Fermentation Physiology it is customary 
to speak merely of fermentative organisms on the one hand and of enzymes on 
the other. 

M. Traube (I. and II ) in 1858 made the origin and influence of these enzymes 
the basis of a new conception (Ferment Theory) of fermentation, according to 
which this process is not instigated by the organisms themselves, but by the 
enzymes formed as products of their vitality and excreted by them. 

I • B 
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This theory was accepted by many persons, by Hoppe-Seyler, who con- 
sidered it as being so self-evident to chemists as not to require any demonstra- 
tive evidence. Nageli, on the other hand, advocated its rejection, mainly for the 
reason that he was not convinced as to the existence of any fermentative 
enzymes. Numerous workers have, however, since investigated this point, with 
the result that Traube’s opinion has again found general acceptance. The 
investigations of Miquel with regard to urase, i e the enzyme excreted by the 
bacteria of uric fermentation, merit special mention in this place, because they 
brought our ideas into closer harmony with the ferment theory, at least so far as 
regards the ammoniacal fermentation of unne. Moreover, they have greatly 
strengthened the position of the ferment theorists by proving that this urase 
cannot be placed amongst inorganic chemical substances, m the ordinary sense of 
the term, but is really an intermediate stage between these and hvmg protoplasm. 
Miquel goes so far as to say that his urase is actually protoplasm, chiefly differing 
from that of the cell contents in that it dispenses with the protection of the cell 
wall, and remains and works on the outside. 

The reader desiring fuller information on the properties of the enzymes than 
can be obtained from the present work is referred to the comprehensive treatise 
published by E. Bourquelot (I.) in 1896 

§ 1 9.— General Definition of Fermentation. 

We will now pass in review all the preceding explanations, and attempt to 
exti*act from each of them whatever can possibly afford us assistance in finally 
arriving at a satisfactory definition of the term fermentation. In the first place, 
Liebig’s explanation certainly does not call for further consideration in this con- 
nection. In the results of the remainmg researches we find one factor common 
to all, and that is the certainty that, for the inception and contmuance of the 
process, which — in harmony with the limitation expressed in § i — we have 
hitherto entitled “ fermentation,” the presence and active collaboration of low 
types of living organisms is a prime essential. Ooncernmg the nature of the 
influence, whether direct or indirect, of these organisms, opinions are, however, 
divided 

If, now, the insbigatora of fermentation be examined sertaUm according to 
the method outlined later on, it will be found that not only are they vegetable, 
bub also that all belong to the some class, and that, too, the lowest in the vegetable 
kingdom, namely, the fungi. The power of incitmg fermentation is, however, 
restricted to comparatively few of the genera of this class. Nevertheless, these 
latter are so intimately connected with the others, from a botanico-morphological 
point of view, that it is impossible to classify the fungi into two sub-groups, 
characterised by the presence or absence of this faculty, without mtroducmg 
serious systematic anomalies. 

The limitation that can be given to the definition of fermentation may be 
thus expressed . “ Fermentation is a decomposition effected by the vital activity 
of fungi ” Nevertheless, as is evident from what has already been mtimated, 
no greater precision can at present be imparted to such part of this defimtion as 
refers to the nature or mode of action of the ferment. On the other hand, as 
will soon be apparent, the word “decomposition” must give place to a term 
that m both more accurate ami more comprehensive. 

The phenomena of fermentation forming the starting-point from which the 
workers from Oagniard to Nageli began their researches, and which up to the 
present have been the sole subject underour consideration, possess one charac- 
teristic in common, ^ e they are always attended by the degradation of complex 
organic compounds into suppler ones. By regarding this characteristic by itself, 
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fermentation might be defined as a decomposxtxon of orga/ii%o ^uibstaricQS by the 
agency of fungi 

The researches of the past fifteen years (1880-1895) have, however, neces- 
sitated considerable modifiations of the words italicised. The study of the 
bacteria of the nodules of leguminous plants has taught us that their mam -func- 
tion consists in bringmg about the combination of free atmospheric nitrogen ; 
hence tiieir action is not S decomposmg (analytical) one, but is synthetic or 
constructive, so that in respect of these organisms our definition will have to 
include the word ‘‘ transformation.’^ The adjective “ organic ” may still remain, 
since the microbes m question require organic nutriment in addition to the free 
nitrogen. 

We shall, however, find ourselves constramed to reject this latter term when 
we come to the study of nitrification, and make the acquaintance of another group 
of microhes able to dispense with organic nutriment, and mdeed thnvmg and 
acting most effectively only when surrounded by inorganic substances exclusively. 
Consequently we arrive at the following final and conclusive definition Fermen- 
tation is a decomposition or transformation of substances of various kinds 
brought about by the vital activity of fungi. 

§ 20. — The So-called Spontaneous Fermentation of Sweet Fruits. 

The point of the precedmg definition hes m the concludmg words, which 
restrict the term fermentation to such decompositions or translormations as 
are produced by the vital activity of fungi. It is, however, not impossible for 
similar decompositions to be efiected m other ways, especially by the aid of other 
vegetable cells differmg from fungi. An example of such a reaction, lesembling 
fermentation but not induced by fungi, is afforded by the so-called spontaneous 
fermentation of fruit. 

The first reliable data with regard to this phenomenon were collected by 
LEOHARTiBa and Bellaiiy (I.) in 1869, all previous observations having to be 
disregarded because they do not show that the activity of yeast-cells was pre- 
cluded. Starting with the notes made in 1821 by their compatriot B:6tiard (I.), 
these French investigators succeeded in estabh^nng the fact that sweet fruits, 
e.g. cherries, when kept in an uninjured condition and free from yeast in an 
atmosphere of carbon dioxide, consume a portion of their sugar content, gaseous 
carbon dioxide being evolved in the process and alcohol formed The presence 
of this latter substance in the cells of the fruit substance can be proved by 
distillation, as much as one per cent, by weight having been detected m this 
way. 

Pasteur (IY. and Y.) also studied this phenomenon, which he employed as 
one of the main buttresses of his previously formed theory asserting fermentation 
to be a universal phenomenon, not dependent on certain orgamsms, but occur- 
rmg ill every living vegetable cell debarred from a supply of oxygen. This 
spontaneous fermentation appeared to form a striking pi oof of the correctness of 
this theory, but the hopes thereby raised proved vain, smce Pasteur was himself 
the one to discover that alcohol (though in merely minute quantities) is also 
formed in fruits when they are exposed to the air. 


§ 21.— Decompositions Effected by Light and Air. 

To the chemist — who is obliged to store m the dark and in properly stoppered 
receptacles various inorganic reagents and normal solutions which he desires to 
maintain in an unaltered condition — it will not be surprising to leamthat steiile 
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solutions of organic substances— such, for example, as are stored for use as 
nutrient media for bacteria — also gradually undergo sliglit modifications when 
air and light find admittance thereto The proof that these changes are of a 
purely pbaTmVj.1 nature lies in the fact that they do not occur when the causes 
indicated are absent. 

In many instances the oxidation of the medium effected in this manner exerts 
a favourable influence on the development of the organism subsequently inoculated 
ther ein Such, for example, is the case with beer-yeast. In wort through which 
air has been blown (“roused ”) for some time, the yeast sown therem develops 
more rapidly, and deposits more quickly and satisfactorily (“breaks ” better) at 
the conclusion of fermentation, a circumstance highly desired by the brewer 
Sunlight possesses an even greater decomposmg power than that of atmo- 
spheric oxygen On this point we are indebted to E. Duolaux (I ) and W. 
Sbekamp (I) for exhaustive researches, the former of whom found that, in 
presence of air, a sterile solution of tartaric acid is split up by sunlight into 
formic acid, carbon dioxide, and water, according to the equation — 

C^HflOe + 30 = 2CHa02 + 2OO2 + HjO 

In a second communication (II.) on this subject the same worker sbotlJfed itot 
glucose and lactose in a sterile alkaUne solution gradually decompose into alcohol 
and carbon dioxide on exposure to sunlight, even when oxygen is excluded The 
same products are yielded by them when fermented with yeast. "When baryta 
(BaHjO,) or lime (GaHjO,) was substituted for the alkali, lactic acid was produced 
instead of alcohol. Under the same treatment maltose yields dextro-lactic acid ; 
levulose, levo-lactic acid ; and invert sugar the optically inactive acid A similar 
observation was made by Wbhmer (I ) with respect to a sterile solution of oxalic 
acid 

These observations are of great interest to the bacteriologist, from a theo- 
retical as weU as a practical point of view, as they convey a special warning to 
protect his stores of nutnent media from the influence of sunbght G Koux, as 
the result of his adverse experiences, had already given the same warning as to 
the prejudicial influence of the changes produced by sunlight on bacterial growth, 
prior to the more exhaustive research by Duclaux. 

These facts have a further interest, more nearly connected with our definition 
of fermentation, smce they demonstrate the occurrence of decomposition processes 
by purely chemical means, apart from the mtervention of micro-organisms We 
will therefore modify our general definition of fermentation, and, in place of 
stating that fermentetion is a process accomplishing transformations of matter 
with the aid of microorganisms owZy, will reverse the phrasing, and say that only 
such changes as are effected exdusivel/y hy the mtal action offerm&aU come within 
the meamng of the term fermentation. The point of the definition, as already 
mentioned at the commencement of the previous paragraph, lies in the words 
italicised. 

However equivalent the action of purely inorganic force on the one* hand, 
and of living organisms on the other may appear, it is so in regard to quahty 
only, the quantitative effects, the amount of substance decomposed in unit time, 
being widely different. Regarded from this point of view, the minute ferments 
appear as centres for the accumulation of high-tension energy, by the release of 
which force the decomposition in view can be effected, not only in a shorter time, 
but also in a more restricted space, than is possible by the action of purely 
chemical forces 
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THE ORGANISMS OF FERMENTATION. 

§ 22.— The Position of the Organisms in the Botanical System. 

The study of Mycology, or the science of Fungi, can be pursued from several 
standpoints The purely scientific position is assumed by the botanist, who 
accord to each kmd just as much importance as its morphological and physio- 
logical considerations warrant If, however, the standard of interest adopted 
be that of the importance of the part played by the fungi in practical life — i.e. 
Applied Mycology — then the number of species to be studied is reduced in a 
very gratifying manner. The degree of attention bestowable on those remain- 
ing is determined, not by their systematic position, but by the influence they 
exert on their environment, the nutrient medium. 

If the object subjected to the influence of the fungi is a living creature, %,e. 
an animal or a plant, it is thereby brought into the condition universally known 
as diseased. Fungi endowed with this power ore designated pathogenic, and 
their study is entitled Pathogemc Mycology, which is subdivided into two 
branches, according to the natural classification of the infected organism. In 
the case of human beings or animals, we have the study of Medico-Patho- 
logical Mycology, and in the case of plants, Phyto-Pathological Mycology. 

On the other hand, manimate objects, such as milk, wort, vinegar, manures, 
leather, indigo, (fee., on which the influence of the fungi is manifested by 
symptoms of decomposition, constitute the subject of Technical Mycology, 
which differs from the pathological branch in another characteristic, namely, in 
the nature of the influence suffered by the object Pathological Mycology is 
exclusively concerned with pathogemc, and therefore noxious, fungi, and its 
object is to bring about their exclusion and annihilation. The aim of Tech- 
nical Mycology is different, being to effect, by the aid of fungi, useful decom- 
positions and transformations which, without the use of such livmg tools, 
could only be accomplished incompletely, or in a more roundabout and costly 
manner 

It is, therefore, with the influence of the fungi on their environment, { e, 
the manifestations of their vitality, that technical mycology has to do Hence 
It is prmoipally the study of the vital functions of ferments, and may therefore 
be also termed Fermentation Physiology. With botanico-physiological con- 
siderations it is concerned only in so far as they either afford assistance in the 
comprehension of the physiology of the organisms, or facilitate the differentiation 
of the various species from one another, and to this extent a knowledge of the 
morphology of the fungi is of essential assistance to the technical mycologist m 
the attainment of his objects. Before going more minutely into this matter, it 
will, however, be advisable to have a general view of the position occupied by the 
fungi in the botanical system 

As every reader will be aware, the sub-kingdom Cryptogamia^ which com- 
prises all non-flowering plants, is divided into three chief sections, or seven 
classes, viz. . 






zi 



THE OKGANISMS OF FEEMENl^ATION 


TMZopAyto — Thallotis plants, with- 
out leaves, stems, roots, or vaacular 
bundles. 


II. JBryophyta — ^Mosses, with leaves and 
stems, devoid of true roots and 
vascular bundles. 

Ill Pt&rvdAjphyta —Vasoular cryptogams, 
with leaves, stems, true roots, and 
vasoular bundles 


} 

( 


Class I Fumgt. — Fungi, devoid of chloro- 
phyll. 

„ 2 AlgfiB, containing chloro* 

phyll 

„ 3. ffffpatiiMB — Liverworts 
„ 4. Musd — Feather mosses. 


„ 5. I/guiaBtinai, — Horse-tails. 

„ 6 X/yaopodvncB —Lycopodium 
„ 7. — Ferns. 


To the first of these three main divisions belong all those plants designated 
Thallophytse on account of the absence of any specialisation of parts, such as 
stem, leaves, &c , and from the comparatively simple form (Thallus) of the 
individual. This section is subdivided mto the two classes fungi and algse. 

The body of all the remaining plants, from the mosses upwards, shows, on 
the other hand, a differentiation of parts into stem and leaf, and is generally 
designated Ooimus, all the higher plants being therefore genersilly grouped under 
the title Cormoph^es. 

Of the seven cryptogamic classes, only one, the first and lowest {Fung%\ 
comes tinder consideration m Fermentation Physiology. In accordance with the 
preceding scheme, these fungi are definable as * cryptogamic plants, devoid of 
chlorophyll, roots, stems, leaves or vascular bundles ; or^ expressed m a more 
concise form the jimg% are thallous growths devoid of chlorophyll. 


§ 23.— Classification of the Fungi. 

The fungi are arranged, accordmg to the individual mode of growth, into 
two main groups, namely, Schzomycetes^ or fission fungi, and Emnycetea, or higher 
fungi The latter consist in the mam of thread-like cells, grow by acrogenesis, 
form true branches, and reproduce by special organs called spores. Conversely, 
the multphcation of the (always unicellular) fission fungi is effected by sub- 
division or fission, whence their name, so that we have the following scheme . 

/ Sehizovrvycetes (Fission fungi) — Fission 
yEumycetea (Higher fungi) — Aorogenoua, Branching 

No doubt many readers will miss from this classification a third sub-group, 
VIZ , the Myxomycetes^ or mucus fungi. In order to at once disarm any objection 
on this score, we wiU here mention that the organisms in question have been 
shown by recent researches to belong, not to the vegetable, but to the animal 
kingdom, of which they constitute the lowest type of development. For this 
reason modem system atology has applied to them the name bestowed by De 
Bary, viz , Mycetozoa^ animi or fungoid ammals. 

§ 24.— SchizophytsB. 

As their systematic juxtaposition would lead one to conclude, the fungi and 
algffl exhibit many traits in common, and, in fact, the only important character 
by which they can be differentiated is the dbs&nce of cMorophyll in the first- 
named. 

As will be r^dily understood, it is especially the lower and more simply 
constructed species of alg© that, apart from the characteristic difference just 
mentioned, approximate closely to the fungi. This is particularly the case 
with the fission algse or Diatomaceca^ which, with respect to their method of 
reproduction by fission, bear no shght resemblance to the fission fungi 
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Owing to their greater size, and consequent discemibility, the aJgss formed 
the subject of investigation at a much earber date than the very much smaller 
fission fungi, which necessitated the employment of more perfect methods of 
examination, so that, by the time the latter began to be studied, the green algaa 
had already been systematised. The temptation to include the newly-discovered 
bacteria among the analogous algae was therefore great, and thus it was that the 
meritonouB German algologist Fr. KI^tzing (I ) was induced to ascribe the 
acetic acid ferment discovered by him, and now known as Bact&nvm aceti^ to the 
algae, under the name of TJlmna acet% 

This mclination to regard fission fungi and algae as belonging to the same 
class was also manifested by subsequent workers, and the more so since the 
greater insight gained in the interim spoke more conclusively in its favour than 
was possible in the initial, imperfect stage of knowledge Hence Ferdinand 
O oHN (II.) m 1875 was obliged to discard his own (lY ) term for the bacteria, 
viz., SchizosporcRy os also that {Sch%zomycete^ proposed by Nageli (Y) in 1857, 
and to classify these organisms with the lowest of the algsa (Nostocy Ghroococcus^ 
Mensmopediay OaciUaria^ <&c ) into one group, which, from their common and 
characteristic property of reproduction by fission, he called SohizophytcB (fission 
plants), and set up as an independent division. 

§ 25.— Assimilation of Carbon Dioxide without the 
Aid of Chlorophyll. 

The classificatory basis for arranging the Thallophytes under the two groups 
Algce and Fungi^ viz., the presence or absence of chlorophyll, is not of a 
morphological, but of a physiological nature, as its connection is not with the 
form, but with the vital activity of the cell. How, it has been proved by much 
research that chlorophyll plays an important part in the life of green plants 
The chlorophyll in the cells, aided by sunlight, sphts up the carbon dioxide which 
the plant has absorbed from the air. The oxygen of the COj is exhaled, whilst 
the carbon is retained and utilised in the elaboration of the various organic 
substances of which the body of the plant is composed This operation is known 
as the assimilation of carbon dioxide Until recently, the opinion was generally 
held that this process could not go on without the assistance of light and 
chlorophyll, and as the fungi are, Without exception, devoid of the last-named 
substance, it has been laid down as a law that the fungi are incapable of 
assimilating carbon dioxide and of constructing their cells of inorganic substances 
like the algoc do. The researches of Winogradsky have, however, shown that 
there are fission fungi capable of splitting up carbon dioxide in the dark and 
without chlorophyll, so that the above law has lost its universal applicability. 
This point will be more completely treated in the chapter on the nitrifying 
bacteria 


§ 26.— Saprophytes andUParasites. 

Plants that are unable to obtain their necessary supplies of material by 
drawing on the resources of inorganic nature exclusively are termed parasites. 
As IS evident from the statements in the preceding paragraph, all the fungi (with 
some exceptions to be hereafter mentioned) are therefore to be characterised as 
parasites Incapable of elaborating the highly complex molecule of their cell 
substance from the elements or the simplest atomic compounds (CO3, HjO, HH,, 
&c ), they depend for their supply of nutrient material on ready-formed organic 
substances, which they have then merely to rearrange according to their needs. 

If this semi-prepared nutriment is obtained from a living creature (animal or 
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plant), such fungi are designated parasitic; but if, on the other hand, they 

utilise inanimate (or defunct) organic material, they are known as saprophsrfces. 

The parasites proper may be divided into two groups strict or obligate 
parasites, which are restricted to living animals or vegetable bodies, and facnl< 
tative parasites, which will also thrive on suitable inanimate substrata, and can 
therefore be cultivated on artificial nutrient media. 

This latter group forms the connecting link between Pathological and 
Techmcal Mycology. The former science regards these, together with the 
obligate parasites, as the causes of disease, whilst conversely Technical Mycology 
IS mterested in the facultative parasites on account of the decompositions they 
induce m ai-tificial media, ^,e, outside the animal or vegetable economy. This 
mterest is, however, purely scientific, since, for hygienic reasons, the use of 
parasitic ferments for practical technic^ purposes is precluded. 

The true interest of the tecbniciab m the domain of Mycology is exclusively 
centred in the non-parasitic ferments, and these alone form more especially the 
subject of the present work, the fii’st volume being devoted to the Sohizomyceies, 
and the second to the Eumyoetes, 
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DIVISION I. 

SCHIZOMYCETJC FERMENTATION, 


SECTION I. 

GENERAL MORPHOLOGY AND PHYSIOLOGY OF 
THE SOHIZOMYOETES. 


CHAPTER I. 

EORM AND DIMENSIONS. 


§ 27.— Forms of Growth. 

The cell forms of all the Sohizomycetes may be typified by a small rod ; hence 
these organisms are generally known by the name of hcLCiei^ia, from the Greek 
rendering of this descriptive term, hahtmon, a rod 

When the dimensions of a bacterial cell aie equal in all directions, it is 
termed a coccus or micrococcus, monas or coccobacterium. On the other hand, 



riG 3 — Splrochteta and Spirilla Mag 93a (After P BaumyaHen ) 


1 Bplroolieate Obormeierl, tlie cause of relapsing fever (Febne recurrms) 

2 Splroolneta from human dental muons 

3 Denecke's Splroohaato from putrescent cheese 

4 SplrochfBtal form of Koch’s Cholera naiatlca hoclllns 
t; Spirillum volntaus, Cohn 


when tLe cell is not iso-diametrical, but exhibits a difference between length and 
breadth, the name bacillus, or elongated rod, is apphed, provided the length is 
at least double the breadth, but when the former does not attain this rela- 
tive si^:e, we then speak of bacteria. This latter term has therefore a twofold 
application : a general one, in so far as all the fission fungi are briefly called 
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‘‘bacteria: ” and a special one, referring only to a particular form of growth, as 
just mentioned. 

A bacterial cell of the bacillus tjrpe which, during a certain physiological 



If la. 4.— UlnatmtloaB of the manifold variety in bIzo and form of different bacteria. 


Except A4 and Aj, all the other UlnstratfonB are ropreaentationa of eqnnlly ma^ifled 
bacteria from a Blngfle drop of putrescent blood ( 4 fter JP Baumgarten ) Mag 050 Those in 
A flie all symmetrical cells, those in B are elongated 

A, — I Cocci (mlcrocooons) of varions sizes 

2 Dlplococcl of varions sizes 

3 Streptococci of vorlona sizes 

4. Micrococcus tetrogonns (from a pure culture) Mag 950, 

5 Sarolna vontadcuU, Mag. 700 ^ 

6 Staphylococci. 

B —I, 2, 4. S^arate long rods of varions lengths and breadths 
3 Short rods, partly of biscuit form. 

5. Chains, composed of either short or long rods. 

6. Long threads. 


process (to he studied later on under the name of “ spore formation swells out 
like a spindle or club, is generally termed a Clostridium 

If the rod is arched like a bow or bent in the form of a comma, it is spoken 
of as a vihno, and if the bends be repeated several times, then a wavy kind of 
growth denoted spirochfiate ensues. When the bend departs from the level 
plane and shapes itself in such a manner that it can be applied to the surface of 
a cone or cylmder, the type of growth becomes spiral, and is designated spirillum 
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An- illustration of these forms is given in Fig. 3. According to a remark of 
Emmerich’s, these arcuate forms of growth are more especially abundant in 
muciferous substances, e.g. in the excrement of snails, which is rich in mucin, 
as also among the algae (already in a state of decomposition, and therefore 
aboundmg in vegetable mucus) frequently covering the sides of drains and 
watercourses 

E Weibbl (L) has published a series of observations on these forms of 
growth, while fuller information concerning the spirilla frequently to be found 
in the draimngs from manure heaps can be obtained from Kutsoher’s (I ) 
treatise on this subject. 

When the longitudinal development is excessive, then the name of thread 
bacteria is given to the cells, which are further distinguishable into the forms 
to be noticed later , Gladothnx, St/reptotJvriXj Crenothrix^ and Leptothrix being 
described in chapter xxxiv., and Beggiatoa and Thwthrix in chapter xxxv. More 
detailed notices of the Diplococms^ Slareptocooms^ Pe&iocooms, Staphylocooms^ and 
Scurmia forms of growth will be found m chapter iv. 


§ 28.— Dimensions of Bacteria. 


Notwithstanding our previous statement that the bacteria are the smallest 
of all known living organisms, it can be established that the differences (Fig. 4) 
in their size hitherto observed must be characterised as very considerable. In 
the smallest kinds the dimensions are under 1 /i, are less than 0.001 m.m 
For instance, the diameter of a lactic-acid-producing coccus examined by P. 
Lindner was o 6-1 o /*. By way of contrast, mention may be made of Glos^ 
1 a*id%wm, hutyncum, this bacillus measuring from 3 to 10 in length, with a 
breadth of i g.. The giants among the bacteria are to be found in the sub-group 
of chromogemc bacteria, e g. the genera Ghromatium and Ophidomonas, which 
have, therefore, formed the subject of exhaustive 
investigation with regard to the internal construction 
of the bacterial cell 

We may here briefly allude to a fission fungus 
which, although uramportant from a practical, techni- 
cal point of view, forms, thanks to its large size, an 
especially favourable object for the exhibition of pro- 
portional dimensions, spore formation, <fec., viz., the 
Bacilhis megaiken*%vm, found by Db Bart (I.) on 
cabbage leaves. As the specific name would imply, 
we have here an organism which excels in size all 
other fission fungi, as much as the prehistoric 
Megath&i'ium sui'passed his contemporary congeners 
This form is further illustrated in Fig. 5 , the indi- 
viduals A, r, A;, Z, will be described m chapter vi (treating of spore germination), 
so that only m and 6 need be considered at present These are rods 2 5 
wide and 10 /z in length, each of which would easily hold about ninety of the 
previously described cocci. 

It wiU be useful to remember that the wave-length of light (corresponding to 
the spectral line D) radiating from the sodium flame is about o 6 /z, 2 s. about 
equal to the diameter of the above-named lactic acid coccus Bearmg this in 
mind, the remaik already made, that the smallest of the bacteria are almost 
invisible, becomes comprehensible. 



Fig 5 — Bacillus megatherium 

7R Two Individual rods 
b Two rods at the moment of 
reproduction by fission (, 4 fl€r 
De Bary ) Mag 600 
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§ 29.— Mutability of Form* 

The question as to whether any given species of bacterium assumes only one 
of the forms of growth already described, or has the power of appearing m 
various shapes, is one of wide interest. A reliable answer could, however, only 
be given when the necessary appliances for studying the separate species in 
the form of pure cultures, ^ e. cultures practised upon an isolated single cell 
protected from subsequent contamination by other organisms, had been invented. 
This possibility was first achieved early in the ‘‘ eighties,^’ smce which time the 
investigation of this question has proceeded with energy, and the results have 
shown that the theory of uniformity of growth (monomorphism) is untenable for 
bacteria, and must give place to the theory ot multiformity (pleomorphism). 

The remark made m a previous paragraph that the names bacillus, coccus, 
(fee,, simply indicate ceiisam forms of growth, will now first become perfectly 
clear. When, in future pages, one or other of the various bactena is qualified by 
the generic name Ba<yLllus (for instance, BaoilZus ureoB), it is not meant that the 
said species appears only in the form of rods. On the contiary, it may pos&ihly 
present itself in the form of cocci, threads, &o , and has only received the generic 
name of Baoillvs on account of its generedVy having this form, and especially 
when the culture has attained the acme of its development. 

This capacity — commonly known as mutability — of assuming a variety of 
shapes is not possessed in an equal degree by all bacteria, and in a few of them 
it even appears to be altogether lacking. Abundant pleomorphism chiefly 
prevails in the arthrosponc bacteria, whilst, conversely, the kinds capable of 
forming endogenous spores are mostly endowed with a smaller number of 
mutation forms. This difiference will be reverted to in a subsequent chapter. 

The inciting cause of mutabihty is generally external, depending on the 
conditions to which the culture is subjected. Since these can, to a oeitain 
extent, be arbitrarily determined and controlled, a means is thus at hand of 
exercising a formative interference m the existence of these organisms. Among 
the morphological forces thus available, two are particularly powerful, viz., the 
influence of temperature and the composition ot the nutrient medium. The 
former has been elucidated by the studies of E Ohr. Hansen on the acetic 
bacteria, which will be exhaustively discussed in chapter xxxvu. On the other 
hand, H. Buchner convincingly demonstrated the influence of the mode of 
nutrition on the cell form of the hay bacillus (reported in chapter xvii ) 

A large number of the species of bacteria noticed in the following paragraphs 
are pleomorphic, and there will therefore be ample opportumty of becoming 
acquainted with this phenomenon in all its details and varieties. 

§ 30.— Involution Forms. 

The remarks made m the preceding paragraphs with regard to the influence 
of the composition of the nutrient medium require a not unimportant supple- 
mentary explanation When we arbitrarily bring about an alteration m the 
form of a cell by modifying the conditions of the culture, a suitability of the 
medium to the evolution of the species of bacteiium m question is presupposed, 
so that the vitality and reproductive power in the new form of cell thereby 
produced is preserved 

This is, however, no longer the case in the modifications of form which result 
when the medium is exhausted of nutrient materials, and consequently enriched 
with injurious metabolic products. These degenerations of the cell have received 
from Nageh the name of involution foras. They do not enter into the series of 
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CHAPTER II. 


STBUCrriEE AUD CONSTITUTION OF THE BACTERIAL CELL. 

% 

§ 31.— Chemical Composition of the Cell Wall. 

IN’aked (sells, i e those wherein the protoplasma is unprotected by an envelope 
are unknown amongst sckizomycetea, the body of the cell being in all £ssion 
fungi shut off from the outer world by a membrane or cell wall. Little is as 
yet known regarding its chemical composition, but the few investigations that 
have been made in Ihis direction demonstrate that we have to do with a structure 
which not only differs in different species, but also undergoes alteration according 
to the dietary of the cell. ' 

The proximate assumption that the cell wall of the fission fungi consists of 
cellulose cannot withstand searching criticism except in rare instances. At 
present only one single Species, viz , the Baot&nvm ayyhnvm^ examined by 0. 
Loew and A. J. Bbown (I.), for which this assumption is justified, is known. 
The cell walls of this acetic acid bacterium exhibit, after a suitable purification, 
the following chemical composition, ascertained by ultimate analysis — 



Found. 

- Galoulfited 
for [CgHioOfilH 

Carbon 

44 26 

44 44 

Hydrogen 

6 25 

b 17 

Oxygen 

• 49 49 

49 39 


The cell wall of this microbe is stained blue by aqueous or alcoholic solutions 
of iodine, by iodine and sulphuric amd, and with lodo-chlonde of zinc. In a 
work from the pen of Dreyfitss (I.), dealing, however, chiefly with higher fungi, 
and therefore preferably to he oonsiciered only in the second volume, a few species 
of flssion fungi were included in the sc^ope of investigation (s^g, a culture of hay 
bacillus obtained ac(X)rdmg to Roberts^ directions). These when tested for 
cellulose by iodine yielded aifirmative results The amount was, however, only 
very small. According to Nenoki and Sohafpee (I,), the cell wall of ceitain 
putrefactive bacteria contains nitrogen , but they do not give the names of the 
species. 


§ 82.— Optical Properties of the Cell Wall. 


Yet another means has been employed for obtaming an insight into the 
chemical nature of the cell membrane of the fission fungi, namely, its optical 
behaviour. ^ o j » r 


The cell walla of the higher plants are known to be anisotropic (doubly 
refractive), a properly also employed by F v. Hohnel as a means of differen- 
tiating textile fibres. If a couple of cotton fibres be placed on the stage of a 
polarising microscope, the Nicol pnams of which are crossed, the plane of oscilla- 
tion of the polarised daylight issmng from the lower Nicol undergoes in its 
p^ge through the doubly refractive threads, a rotation, m consequence of 
which the fibres appear bright and coloured against the dark background. If 
he fibres are themselves coloured or dyed, they assume the corresponding 
complementary colours, ^ r b 
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The attempt to utilise this means in the service of bstctenology was success- 
fully made by Amann (T.). Since, under otherwise identical conditions, the 
size of the angle through which the plane of polarisation is rotated— and conse- 
quently the degree of illumination of the field of vision — is proportionate to the 
thickness of the anisotropic object in question, it follows that, by reason of the 
small dimensions of the cells under examination in this case, their double refrac- 
tion cannot be observed when they are in a colourless condition Now the eye 
IS better capable of appreciating diflferences of colour than degrees of brightness, 
and therefore Amann, calculating on this peculiarity, stained his bacteria, assume 
ing that if the membranes were anisotropic and doubly refractive, an appearance 
similar to that mentioned above in the ^ase of cotton fibres would be produced. 
The results confirmed his expectations, the stained bacteria {Bacdlus tuherou- 
losia and B arUhraois) exhibiting pleochroism, and being therefore doubly 
refractive. 


§ 33.— ZoogloBa Formation. 


Similar to the behaviour of the cell membrane of higher plants is the ten- 
dency to swell up manifested by the uiembrane of many of the fission fungi, the 
cell wall becoming distended to such an extent, through the absorption of water, 
that its thickness often far exceeds the internal diameter of the cell. If to 
such (previously killed) bacteria be added a solution of an aniline dye, the latter 
will be absorbed by the cell contents, which, when examined under the micro- 



Fio. 7 — Baclllna Pneumoul© 
crupoaoB 


A and B, elongfated rods, C, D, £,|r8hort 
rods , G-I, cocol All the cells exhibit 
liigfhly distended membraues 
about 1500 (.After W 



Zooglcca formation In an old film on the 
surface of lager beer Fixed and stained 
by LoefiBcr’s method. Mag. xooo 
( 4 / 55 er Hansen ) 


scope, Will then be visible, enclosed in a colourless, or merely faintly coloured, 
slightly refractive, and, consequently, paler cell wall 
‘ Among the pathogenic bacteria the Pn&umohaoillus (Fig. 7), recognised as 
the cause of croupous pneumonia, was the first m which this property was 
observed — ^by P. FjaismLiLNDEE (I.) m 1883. He gave the name of caps^e to 
the mucinous integument, a term still remaining in use, especially among 
medical bacteriologists. Consequently we understand by capsule bacillus one 
wherein the cell wall is found to be m a distended condition under normal con- 
ditions of vitality The Bacdlvs diatrypeticus oaa&i (Fig, 2 of Plate I,), described 
in a subsequent section, may be mentioned as a second example 

As already stated, these mucinous envelopes are not affected by the ordinary 
method of staining. If, however, they are previously treated with a suitable 
mordant, the colour will be readily absorbed and ^fixed Recipes for capsule 
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stammg are given by Friedlander, Ribbert, Loaffler, and ofcbers. The annexed 
illustration (Eig. 8) is drawn from a preparation stained m this way. It repre- 
sents BafifATivm Pcbstewrianwryiy an acetic acid bacterium discovered by Hansen. 
The chain seen at the left-hand side differs from the remainmg portions of the 
figure. The upper half presents no special peculiarities, and shows (hke the 
remaining chains) three darkened cells held together by the swollen membrane ; 
whereas m the lower moiety the dark parts are wantmg, the three cells formerly 
present! therem having been accident^ly crushed in making the preparation, so 
that only the mucinous envelope remains behind. In a more closely investigated 
case (not, however, with this bacterium) the substance composing the capsule was 
identified chemically as related to mucin, or probably identical therewith. 

If the gelatinisation of the cell walls proceeds to a little greater extent, it 
causes the mdividual cells to become joined or cemented into a coherent mass, 
called zoogloea by Oohn (V.), the size of the agglomerations being greater or 
smaller according to the degree of development 

In a few species of bacteria, colouring matter or feme oxide is stored in the 
muoinoufl envelope, further particulars of which will be found in chapter xxxiv 

§ 34.— Plasmolysls. 

The difficulty of detecting the cell envelope of bacteria can be removed by 
immersing the organisms in a solution of sedt, which exerts a hygroscopic action 
on the cell contents, in consequence whereof they shrink and retreat from ^ the 
cell wall, whereupon the latter is readily recognisable, even in unstained 
preparations. 

This kind of influence, called Plasmolysis by H. de Yries, was first observed 
lu bacteria by De Bary, in connection with his Bacillua megaih&nvm 

The experiment is simple in performance An ordinary preparation of the 
bacteria under examination is made, a few cotton fibres being immersed to pre- 
vent the escape of the organisms. The salt solution is then allowed to flow in 
at the edge of the cover-glass, its tranfusion being facilitated by absorbing the 
water with blotting-paper held at the opposite side. Provided the solution is 
not excessively concentrated, and that it contains no toxic substance, the resultmg 
plasmolysis in no wise destroys the vitality of the cells. It can be made to 
disappear again by washing out the hygroscopic reagent. 

The concentration of the cell contents caused by plasmolysis, which is also 
generally accompanied with an increased refractive power, leads very often, as 
Buchner (I.) pointed out, to agglomerations of material, which, unless more 
closely examined, might illusively indicate the presence of endogenous spores. 

In such bacteria as are endowed with the power of locomotion, the rate of 
movement is retarded by increased concentration of the plasmolytic solution. 
Wladimiropf (I. and II ) entitled the smallest percentage capable of arresting 
locomotion the critical solution. The values of this for the various salts — 
on any determined species of bacteria — show an unmistakable regularity, the 
chloride of any given metal (K, Ha, &o ) having the weakest, and the bromide 
and sulphate the strongest retarding effect, whilst the nitrate occupies an 
intermediate position. As far as the bases are concerned, potassium, sodium, 
and ammonium rank in the order given. E Overton (I.) has published several 
communications with regard to a number of substances which are unable to 
effect plasmolysis owing to their possmg through the plasma as rapidly as 
water 

The weakest solution of sodium chloride (HaOl) capable of effecting plasmo- 
lysis is, according to A. Fisoher (I ), o 5-0 75 per cent, for Gladothnx d/uikotoma, 
and for CTmotlmx Kuhniana 0.75-1,0 per cent. These limits are, however, not 
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unconditionally applicable, as the following example will show A one per cent, 
solution of common salt produced no plasmolysia m Clostridium hutyricwrii when 
the cultures were only two days old, and the cells consequently young , whereas 
after a further four days they were, without exception, completely plasmolysed. 
It will perhaps be useful to recall that a solution of 0.5 gram of NaOl in 100 
grams of water is usually known as physiological salt solution, and is frequently 
used under the supposition that it neither takes up nor gives up water from or 
to the cells, — an assumption that, in view of the preceding figures, cannot be 
universally justifiable. 

If it is desired to render permanent (“fix”) the plaamolytic condition of the 
cells, they must be killed, a result easily obtained by the use of sublimate or 
iodine solution Ten per cent lactic acid 13 also an excellent fixing medium, 
instantaneous in action. After fixing, staining can be effected . More detailed 
information on the practice of fixing will be found in a work by A. Zimmek- 
MANN (I.). 

§ 35.— structure of the Cell Contents. 


-.45 



This study, which presents no small difficulty on account of the minuteness 
of the organisms to be examined, has been clpsely followed up during the past 
several years only. All that was previously known was 
that the cell contents of the bacteria consisted of a 
homogeneous in vacuolate plasma, in which small, highly 
lustrous granules were frequently seen embedded 

BtyTSOHLi (I.) in 1889 discovered in a few large 
chromogenic bacteria (e.gr. Ghi'gmaivii'ni Okemi and 
Ophidomonas jenensis), as also in Spirochmie s&rp&ns 
and Beygiatoa^ that their cell contents could, as a lule, 
be distinguishable into two parts, viz , a central body 
and a parietal layer, the latter being adjacent to and 
surrounded by the cell wall 

The parietal layer may either surround the central 
body on all sides, so that the latter nowhere touches 
the cell wall, or may be restricted to one side only, in 
which event it is generally, in the case of rod-shaped 
bacteria, found at the two poles This differentiation 
of the cell contents can be rendered visible 
by suitable stains, eg, hsemat 
readily taken up by the central 

ing it easily distinguishable f.--* — — 

coloured parietal layer 

This treatment brings out a second and much 
more important fact the central body appears as a 
complicated structure, reminding one of that seen in 
honeycomb A number of granules of red-violet 
colour — called by Biitschh“red grains” — are stored 
m a reticular framework which is coloured blue by the 
staining dye These granules do not occur in every 
cell, and no cell has more than one. These enclosures 
are detectable, even m the unstained preparation, on 
account of their high refractive power. They — the bodies, not their enveloping 
framework— were firtt observed by Y. Babes (I.), then studied by P Ernst 
(I. and II.), and were regarded as the starting-point of spore formation, being 
on that account designated sporogenic granules , but this assumption has with 
good reason, been contested by later workers. For a^more accurate examination 
I 0 


ripftt killed, tlieu freed from 
bacterlo-piirpnrin aud anl- 
plinr gframilea by Holveots, 
and Anally stained n 1th hro^ 
matoxylln The reticulated 
atmetnro of the (hatched) 
central body (c), os also of 
the parietal layer (6), and the 
dark chromatin gfronules («), 
BUtschll’s “red {jralus,” can 
then bo detected llogii 
2000-2500 {After JiniAchli.) 


m 
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we are indebted to Sohewiakopf (I.), according to whom each of these sma 
enclosures contained in the honeycomb cells possesses a thin skin, the presenc 
of which can be convincingly demonstrated by pressing the preparation unde 
a oover-glass, whereupon the skin bursts, without, however, its contents bein 
dispersed. The latter can therefore only be of a solid and not of a fluid natur< 
The chemical nature of the skin is unknown ; it does not give the celluloE 
reaction. So far as the composition of the granular contents is concerned, th 
last-named investigator has identified therein by micro-chemical means potai 
Slum, calcium, and oxalic acid, in addition to the indeterminate organic matte 
In their behaviour, more closely investigated by WAfiOLiuH (I.), towarc 
colourmg and solvent reagents, these endosurea in the central body of tt 
bacterium resemble those granular constituents of the cell nudeus of highc 
plants known as chromatin granules, on account of their high power of absorbin 
colouring matters. On the other hand, the reticular mass of the central bod 
resembles in point of structure and micro-chemical reaction the lignin of tl 
nuclear framework of the cells of higher plants. 

These observations led BtnaoHLi (II.) to the opinion that the central body* 
bacteria should be regarded as the (comparatively large) nucleus thereof whils 
on the other hand, the above-named parietal layer corresponded to the cytoplas 
of the cells of higher plants — a conception which has not withstood the test 
criticism. 

The structure of the parietal layer has not yet been determined wii 
certainty Sundry observations, however, indicate that it exhibits a radi 
honeycomb appearance. It is in this layer that the colouring matter of tl 
chromogenic bacteria is lodged, whereas the granules of sulphur in the sulphi 
bacteria are located in the central body. The individual species of the gen 
Granulobaoteii' established by Beyermck — to which belong the instigators of t 
butyric acid and butyl alcohol, (kc., fermentations — under certain conditions 
culture store up in their interior copious supplies of gramilose, owing to whi 
circumstance they are stained a deep blue % iodine. It should be mention 
that W. Migula (I ) could not detect any honeycomb structure of the cell plasi 
dormg his reseai'ches into the structure of the Baoillua oxalaticus^ discovered 
Zopf. 

It may perhaps be useful, though not exactly necessary, to remind the read 
of the well-known botanical fact that the living plasma strives to prevent t 
access of colouring matters. lu this connection, also, the behaviour of the varic 
kinds of fission fungi differs Some of them exhibit merely a shght resistan 
and absorb colouring matter without their vitality being impaired, as Birc 
Hirschfeld established with respect to -phloxine red m the case of the typt 
bacillus In the majority of instances, however, this resistance is so great tl 
the cells must be killed before they can be stained. On this account most of i 
staining solutions employed for bacteriological purposes contain additions (d 
alcohol) destructive to the vitality of the cell, which bemg accomphshed, 1 
plasma readily absorbs the colourmg matter. According to the researches 
Dheyfuss (I.), it IB not the true albuminoid matter, but the nuclein 
constituent of plasma) which fixes the colour 

Thanks to the care bestowed on the subject by medical bacteriologists specie 
interested therein, the art of staining bacteria has reached a high degree 
perfection during the last few decades. Exhaustive directions thereon are 
be found m Hueppe’s (I.) handbook and Eisenbeeg’b (I.) tieatise, and Beenh 
(I ) has issued a very cheap book highly useful for laboratory work. 
Fermentation Physiology the examination of the banteria being usually perforr 
on the bvmg, unstained orgamsms, the aid of stainmg is seldom required , 
prmcipal occasions being ^en so-called cover-glass preparations have to be k 
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for purposes of future microscopical comparison. The preparation of such is 
described in all the books just mentioned. 

§ 86.— Elementary Composition of the Bacterial Cell. 

Determinations on this point by micro-chemical analysis were first attempted 
by Kappes (I.), whose attention was principally devoted to Mioroooocua prodigiosus, 
cultures of which were made on solid nutrient media, and then, when they had 
arrived at sufficient development and had expanded into mass cultures, examined 
for the amount and composition of the dry matter therein. Oultures of this 
fission fungus on agar-agar contained on an average Water 85 5 per cent , and 
dry matter 145 per cent , the latter yielding ethereal extract o 7 per cent , 
nitrogen 1.7 per cent, and ash 2 o per cent. Calculated on the dry substance, 
the following percentage composition was arrived at for the microbe in question 


Per Cent 

Ethereal extract (fat, &c ) . .48 

Albumen (N X 6 251 . . . 712 

Ash . . . • 13 5 

Undetermined substanoea . 10 5 


An examination made by Nishimuba (I ) of a pure culture of a water bacillus 
gave the following as the constitution of the dry matter in this microbe 


. Per Cent. 

Albumen ... . • 63 5 

Oaibohydrat-B , 12 2 

Alcoholic extract 3 2 

Ethereal extract 5 i 

Ash . . .112 

Lecithm . . . , . o 68 

Xanthin o 17 

Guam 11 . . o 14 

Adeniu . , . o 08 


The most noticeable figures here are those relating to the content of mtrogen, 
which show that, in this respect, the bacteria are excelled by but few organisms, 
while they have no compeers in the vegetable kmgdom To demonstrate this 
fact more clearly the subjoined figures have been selected, showing the mean 
nitrogen content in the d/ry substance of . 

Lean Cow’s Soja Bnsslan Micrococcus 

heef milk beans wheat. Truffles prodiglosus 

Nitrogeu per cent . 14.3 44 60 35 5-6 ii/j 

The earliest researches on the nitrogenous constituents present in bacteria 
were carried out by Nbnoki and Sohapfbb (I ), both of whom isolated from 
putrefactive bacteria a mtrogenous substance to which they gave the name of 
mycoprotem. The highly concordant results of a series of ultimate analyses of 
this substance gave the following mean values 

0 5232 H 755 N . 14.7s 0 + S 2538 

The percentage (14 75) of nitrogen found is remarkable, and shows that 
mycoprotem must have a very different constitution from that of ordmary 
albumin or protein, which, as is well known, contains about 16 per cent of 
nitrogen The amount of this compound m the dry substance of bacteria is at 
least 40, and sometimes as much as 50 per cent. Differences are also apparent 
as regards their behaviour towards reagents, nitric acid, for example, converting 
albumin into a bright yellow compound, named, on the proposition of Muldeb 
(r.), xanthoproteic acid, whereas mycoprotem does ndb give this reaction. 
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§ 37.— Quantitative and Qualitative Selective Power. 

The proportions of the constituents present in the available nutriment 
or nutrient medium supplied seldom cori'espond to [the requirements of the 
organism which has to make good therefrom losses of substance or energy. It 
will then take from the supply the substances of which it has need, and leave the 
residuum entirely untouched, only when the former are present in abundance. 
This faculty, entitled quantitative selective capacity, is possessed by all hving 
organisms, and among them bacteria. Kappes, m his treatise already referred 
to, gives very mstructive examples of this as well He compared the composition 
of the bacterial crop with that of the soil (nutrient medium) in which it was 
grown ; in this case peptonised meat extract, agar-agar This contained, apart 
from the x 5 per cent, of agar-agar, which does not come under further con- 
sideration here, altogether 2.5 per cent of actual nutrient materials, and yielded 
0.3 per cent, of dry bacterial substance ; that is to say, only 12 per cent of the 
total nutriment was extracted The relative proportions of the individual 
constituents in the medium on the one hand and in the crop on the other proved 
very different Thus, for instance, the I’atio of OaO MgO was in the medium 
0.70 : o 44; in the crop, o 56 , r.05 Of nitrogenous substances (N x 6.25) the 
former contained 42.5 per cent , calculated on the dry substance, and the lattei 
712 per cent., and so on 

The requirements of bacteria in respect of ash constituents were first 
investigated by NIgeli (IV.), in 1879 Sprengel (I ) was admittedly the first 
to demonstrate that higher plants {JPhu'tiefrogamia) absolutely require for the 
construction of their cells a number of mineral substances, viz , KgO, OaO, MgO, 
Fe^Og, FjOfi, SOg, all of which must be present, and in sufficient quantity, before 
the phanerogamic plant can thrive With the Cryptogam%a the case is, however 
different According to Nageh, the fission fungi (tested by him in this connection] 
are less exacting, since potassium can be replaced by rubidium or ceesium without 
detriment, so far as the fungi are concerned, though not by the alkaline earths. 

Of the latter it is sufficient when one of the following, OaO, BaO, SrO, MgO, 
is present , iron can be dispensed with. It follows therefrom that not only 
quantitative but also qualitative powers of selection are possessed by bacteria 
An authoritative confirmation of Nageli’s discovery is highly desirable, and 
would prove a very thankworthy task if oon30ined with observations on the 
formative influence of the individual ash constituents A typical example ol 
this kind of study, alike instructive, stimulating, and worthy of imitation, hoe 
been mode by Winogradsky on a film yeast, and will be referred to in the second 
volume. A preliminary step in this direction was taken by A K Fedorolf (!.] 
in 1895, who, in continuing an investigation commenced by Gamaleja, found that 
while lithium chloride caused abnormal cell forms in BolgiUus megatherivmi^ B 
lyphi ahdomvrhahs^ Yihno cholerce cmatuccB^ and Bacterivm coli cmnmu^^ it had nc 
apparent influence on the cells of BaciUus suhtiks^ B, anthracis, and other microbes 
The quantitative selective power referred to above must not be understooc 
in the sense that the organisms inhabitmg the nutrient medium always hav« 
the same composition, irrespective of the relative proportions of its nutrieni 
constituents, E Orambr (i ) studied this matter exhaustively in relation tc 
several pathogemc bacteria and M%cr 0 G 0 ccu 8 prodtgiosus, and arrived at the con 
elusion that a typical composition of any species is out of the question. Accord 
ing to the kind of medium, the temperature and age of the culture, and othei 
conditions, it may happen that one crop will contain twice as much of a particulai 
constituent as another crop. Thus, for example, the amount of dry matter variec 
from 15.9 to 26,0 per cen*., and of ash from 1.60 to 3.21 per cent. 
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POWER OE USTDEPENDENT MOVEMENT IN BACTERIA. 

§ 38.— Molecular Movement and Locomotion. 

Liks his predecessors, Ohr Ehrenberg considered the bacteria as animalculse, 
and that, chiefly, because in not a few of them he discerned active locomotive 
powers For the same reason Pasteur was inclined in i86x to regard his 
‘'vibrion butyrique” as an infusorial animalcule In opposition to this was 
established the fact that the faculty of voluntary movement is not pecuhar to 
the bacteria, but is also possessed by many motile spoies belonging to the algee; 
that IB to say, by organisms unanimously admitted to be of vegetable nature. 

This motile power will now be more closely considered, both as regards its 
nature and causes. 

The movement known as the Brownian or molecular movement — which can 
frequently be observed in small particles held in suspension m liquids, whereby 
each particle describes a small orbit (sometimes rectilinear, sometimes circular or 
oval) outside its horizontal axis of rotation — is not included in this consideration. 
The cause of this Brownian movement has not yet been examined with sufficient 
accuracy , but it is a purely physical one and in no wise physiological, since it is 
manifest^ not only by living cocci, but also, as already stated, by emulsions of 
many inammate substances both of inorganic and organic nature. Ali-Oohen, 
in his treatise referred to below, describes a very useful means by which one can 
decide in doubtful cases whether the movement is independent or merely mole- 
cular, According to the researches of Exner, the latter diminishes in briskness 
as the viscosity of the circumambient hquid increases. If l^en a little of the 
doubtful sample be mixed with a lukewarm liquefied 5 per cent, solution of 
gelatin, both locomotive and molecular movement will at the outset remain un- 
aflected^ but in proportion as the surrounding medium cools and becomes more 
viscous, the latter movement will dimmish, and finally cease altogether, whilst 
the voluntary and independent movement will continue 

By long-continued practice and observation the faculty will be gradually 
acquired oT dieting uishmg, without such aid, the so-called molecular from the 
true voluntary bacterial movement, which we will now describe. This movement 
is of two kmds, the first of which is occasioned by alternate contraction and 
re-expansion of the plasma canal. This kind of movement occurs m the case of 
such thread bacteria as attach themselves to a support by one of uheir poles, and 
then swmg with a pendulous motion from this pomt of suspension, either 
remaining m the same plane the while or describing a cone 

§ 39.— The Flagrella or Cilia. 

Much more frequent is the second or roving movement, noticeable in free 
unattached bacteria, and produced by special locomotive organs termed flagella 
or cilia. These were first noDiced by Ehrenberg (I.), m 1836, m a spirillum which 
he discovered in a bi*ook near Jena, and named Ophidomonas jenmais. Closer 
attention was first bestowed on these organs by OoHii (I,). 

37 
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PLATE I 

DESOEIPTION OP THE DBAWINGS 


Fig, I. 


Fig IL 


MioroooccuB 9ornthalii 
Without cilia. Magn. 650 
After Adamttz 


Bacillus diatrypeticua oaaei 
Without oilia. Capsule h aoillus. 
Magn 1300. 

After Fr BoAjmami 


Fig. m 


Fig. IV. 


Baoillus oyanogenus 
Cilia staining. Magn 1100 
After Jjoeffler 


Large Ciliated Bacilli 

Fiom a yegetahle infusion. Aocouipanied 
by other non-ciliated fission fungt. Magn 
1000 

After Zo^ffUr 


Fig V. 


Fig VI 


Spinlluna Undula. 

From a vegetable infusion. With tufted 
polar oiha. Magn. 800. 

After 1 /o^er, 


Spinllum rubrum, Esmarch, 
With polar cilia. Magn. 1000 
After Lo^er 
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Van TrBGHBM (I,) was of opinion that these locomotive organs were peculiar 
to bacilli , but similar locomotive powers were at a later date observed in the 
cocci, such as the Miorpoocms tetrageivua mobiUs veniHcul% discovered by Mendoza 
(I ) in 1887 ; the M%(yroGOQ(m 8 agilta, found by AiiI-Oohen (I.) in 18S9 , a coccus 
(unspecified) studied by Loefflbe (II.) in 1890, later, the Mtcrococous agxhs 
GiVrem Of Mbnge (I ); and finally, the Sarovna mob'dis of Maueiea (I.) 

The position of these organs in the bacilli is either polar or latei-al. The 
polar flagella are either single — as, e g. m Ghrcmiattum — or in tufts, the latter 
consisting, in the case of Bactemim, of three or four, and in various spirilla 
of eight to twelve, cilia. In Spirillum undula they are often plaited into the form 
of a qum 6 The lateral ciha are, as was found by A Fisohee (II ), evenly 
distributed over the entire surface of the bacterial cell, their number being given 
by Loeffler as twelve in the case of the typhus bacillus. 

Starting with the assumption that the number of the cilia and their distri- 
butive arrangement on the cell are constant for each land, A. Messba (I) 
endeavoured to moke this character the basis of a classification of the bacteria 
L Luksoh (I ) proposed the same method for readily difierentiating Bactei%um 
coU commune from Bacdihia typh% ahdominalw^ which is very important in the 
bacteriological examination of water He found the former microbes to be pro- 
vided with at most three cilia apiece, whereas the bacillus bad from eight to 
twelve Subsequently, however, it was ascertamed by Febrier (I ) that the 
number, form, and length of the cilia depend on the conditions or the culture. 
From the bacterium in question cultures can be obtained the individual cells of 
which exhibit as many as ten cilia ; by this determination, therefore, the system 
of Messea, as also the hopes of Luksch, were deprived of support. Moreover, 
Messea had been forestalled, as in 1864 Davainb (I.) proposed to sepai'ate the 
fission fungi into two groups , the one, formmg his genus Bacimndiumt comprised 
all the species in which he cou^'^ ’ 

circumstances ; whilst the oth€ 
species. In J Schroeter’s woia 
which a notice is given in a subs 

adopted, hut later workers have abandoned it, and the terr 
perfectly obsolete. 

When a bi-polar ciliated bacillus divides in two in tL 
the new-formed poles are, naturally, without such locor 
outset, but they quickly develop, and thenceforward eac 
ciliated at both poles. That these organs are extremely 
emphasised. Frequently they are undetectible by the 1 
observation, even with objectives of the highest power and U«.V/4.VX V/OU UCJ. 

Since it is difficult to see the cilia, not only because of their extreme minu 
but also because their refractive power is almost the same os that of tl 
m which they are immersed. In order to make them more readily reco| 
use is made of the special methods cf staining devised by Loeffler (I ). 
directions relative to these will be found in Unna^s (I) histoiio-critical iv 
of the development of baotenum -staining, drawn up in 1888, and continueu 
L. Heim (I.) up to the year 1891. Plate I. shows four photographs of me 
bacteria t^en by Loeffler from preparations stamed in this way 

§ 40— Histology of the Cilia. 

This subject has hitherto received little attention. Van Tieghem considered 
the cilia to be gelatinous elongations of the cell envelope, and their movement 
as merely passive, the locomotive power being ascnbable to contractions of the 
plasma in the cell. He found that the cilia of Clo8%'%d%u7n butymcwni gave the 
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cellulose reaction with ammoniacal copper ozide. Zopf, on the other handj 
explained these organs as contractile plasma-threads, which could be alternately 
protruded from, and wihdrawn into, the centi’al cell mass through aper- 
tures in the cell integument, which apertures, however, have hitherto been 
unobserved. 

This assumption was combated by A. Fischer, who found that when motile 
bacteria were subjected to plasmolysis, and the cell contents therefore caused to 
contract, the cilia were nob drawn in, as should be the case if they were 
continuations of the plasma (pseudopodia). For arresting the movement of the 
bacteria examined by lum, the strength of the solution of salt had to be higher 
than the mmimum capable of producing plasmolysis. Fischer’s observations 
favour the view that the cilia are appendages of the ceU, consisting of a mem- 
brane enveloping the protoplasmic contents, which have an immediate connection 
with the substance of the bacterial cell 

Adverse influences stop the movement, and the cilia become motionless and 
torpid. According to the cause, this condition is said to be one of torpidity 
through cold, heat, darkness, light, hunger, desiccation, or poison Bearing 
this m mmd, it must nob be concluded that any species of bacteria which may 
not exhibit movement under ordinary microscopic examination is therefore 
necessarily non -motile , but it should be further examined under various con- 
ations, and, in extreme cases, tested for the presence of cilia by staining, since 
it may be m the torpid condition. 
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§ 41.— Chemotaxis. 

The extended researches of Enqelmann (IT. and III ) teach us that certain 
roving bacteria (^ e. those endowed with spontaneous movement), and, m pai- 

ticular, various putrefactive bac- 
teria, have a great need for oxygen, 
while other species do not require 
it. If a drop of liquid containing 
a mixture of these two kinds be 
brought under the mioioscope, it 
will quickly be seen that the one 
species hastens to the eJges of the 
cover-glass, where oxygen pene- 
trates by diftusion and is most 
abundant, whilst the individuals ot 
the other species gradually retreat, 
and collect at the centie, where the 
(to them) unwelcome oi obnoxious 
gas does not penetrate. Repeating 
Engehnann’s experiment byinseit- 
ing a thread of green (i.e. oxygen- 
excreting) alga in the drop, and 
directing a small solar spectrum 
, , „ 1 , thereon, then the oxyeen-lovincr 

bacterm will be seen collected around these alga threads, and surrounding thosi 
spots in the micro-spectrum (Fig. lo) where the maximum evolution of ox^ is 
t^mg place , that is to say between the spectrum lines B and 0 in the red, and 
also at F Oxygen, therefop, exerts an attiactive and stimulating action on 

be employed as an isolating and separating 
“otJe bactena may also be employed as a delicate 
reagent for oxygen BxigsRmcHL (I ), to whom we are indebted for a very 


Fiq 10 — Oxy^on-lovl Off bacteria iiiloHtlni^^ a thiead of 

alga lying In the micro apecLrum TJio cblomphyll 
grannies contained In the alga cel la are not shown, bat 
the Bpoctnim lluoa are given to denote the position of 
the spectrum Magn. 200 (.After Engeimann ) 
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useful treatise on tins question, examined more closely the methods of topo- 
graphical arrangement adopted in liquid media by various motile bacteria under 
the influence of oxygen, which arrangement be called respiration figures. Some 
of these are shown in Pig i r. 

From the researches of Stahl and De Bary, and especially' those of W. 
Ppeffer (I ), we learn that not only oxygen, but also various other substances, 



Fig II — licBplratlou flgiircs of motile bactcrltt. (.^/Zcr ) Natural bIzo 

The three figurcu are horizontal projections of bacterial pieporatlons, each In a lar^e drop of water 
The three large circular cover-glasses only are shown, the slides not being reproduced A small 
platinum wire (nob shown In tho figures) Is placed at tlie port repiesented by the tup of the drawing, 
between tho cover-glass and slide, so as to form a wedge-shaped space, which Is occupied by the drop of 
water, tho base of which lies In m ( = monlsons) 

The three figures represent 

I Hospiratlon figure of the aeroblO type The roving Individuals collect In the oxygenated 
border zone (a), whilst the quiescent ones (r) remain In tho Interior, leaving a vacant space (/) between 
the two 

II Respiration figure of tho spirillum type Those organisms rcqnlro and tolerate only 
traces of oxygen They therefore collect, not at the clrcnmferenoe of the drop, but at a little distance 
therefrom (^), where the tension of the penetrating gns Is lower 

III Respiration figure of the auaerobio (air-Bhunuillg) type These migrate to the centre 
(aw) of the drop, as being the place of lowest oxygen content 

are capable of attracting or repelling bacteria and other micro-organisms, a 
faculty to which the name of positive or negative chemotasis has been given. 
Use IS made of this property in order to capture the motile species in a 
bacterial mixture by mtroducing therem a capillary tube filled with a solution 
of a substance which exerts an attractive mfluence on one or other of the motile 
species. 

Among the inorganic compounds the salts of potassium have the greatest 
power of attraction, and aie theiefoie most fiequently employed for this 
purpose. Of the organic compounds, asparagin is particularly effective. The 
sap or juice of raw potatoes contains both these lures, and is therefore highly 
efl&cacious More particular information on this method of isolation is given by 
Ali-Cohen (II ). 

The attractive power of such agents is not limited to motile bacteria alone, 
but also extends to higher sessile fungi If such an atti acting agent be 
brought sufficiently near to a culture of the latter description, the growth and 
extension of the cell threads on that side of the culture wiU show marked 
exuberance Tins attempt on the part of sessile fungi to turn towards a point 
of chemical atti'action is entitled Ohemotropism Its cause is identical with 
that of Chemotaxifl , the difference in the effect being due to the difference of 
the object influenced It may be mentioned that Miyoshi (I.) has performed 
exhaustive expeiiments of this kind. 



CHAPTER IV. 


VEGETATIVE BEPRODGCTION BY FISSION. 



§ 42. — Division in One Direction. 

Imt order to reproduce by fission in one direction, the cell becomes elongated, 
and a partition (aepim/in) is developed in the interior of the cell at right angles to 
the length. This septum then divides into two lamellte, thus efiecting the 
separation of the daughter- cell from the mother-cell. If the organism is living 
under conditions favourable to its vitality, each of these cells will soon undergo 
a similar process of division In many instances the new-formed cells of the 
second, third, fourth, tfec , generations do not become entirely 
detached, but remain connected one with another ; and if — as 
IS most often the case — the division takes place continuously in 
the same direction, chains of cells are formed. When the 
members composing the chain consist of cocci, the fission 
fungus is frequently designated a streptococcus, instead of 
merely coccus, Hallier and Itzigsohn proposed to apply the 
tenn Mi/cothrix to these rosaries of cocci. When the mem- 
bers are united chiefly or exclusively m pairs, the organism 
18 termed diplococcus , and such of the cocci as incline to 
Fia ia.-~BaoiiiTifl themselves in grape-like agglomerations are fiequently 

turaeacens designated, in medico-bactenological literature, by the name 
a and fr, Qimiiia of short staphylococcus, first bestowed on them by Ogston (I.) in 

membors. {After A jggo ' 

Kodh,') Mftirn iioo members of a chain are not iso-diametric cocci, 

hut rods, they are mostly termed thread (filamentous) cells, of which the hay 
baciUus affords an excellent example. 

In an iso-diametric cell, the separation of the new cells — and therefore the 
prehminai’y expansion of the mother-cell — ^may occur m one of two directions 
either lengthwise or crosswise, the former case — wheiein the position of the 
dividing septum is transverse, ^.e. perpendicular to the longitudinal du'ection — 
being the most usual. On the other band, only a few examples of the second or 
longitudinal separation are as yet known. One of them is afforded by the 
Bmllus tumesc&^is, discovered by Zopf (I.), which will nearly always be found 
infesting slices of boiled carrot, when the latter are left to themselves for some 
time in a not too damp condition. According to the conditions of vitality pre- 
vailing, this microbe develops either chains of long ctUa formed by transverse 
fission, or cell bands the members of which are short and joined hi^ocbd^de on, 
the attached sides measuring 2.1 each, whereas the length of each is only i 3 
This microbe, therefore, exhibits both styles of fission. On the other hand, 
hngitudinal jisaimi alone is manifested in a fission fungus discovered by Metsoh- 
NiKOFP (!•)> named Pasieuria Tanwea^ which grows in the ventral cavity of 
certain water-fleas {Daphnia puhx and D, magna)^ where it produces a fatal 
disease In these mierohes the new septum is always longitudinal. 

In the separation process now under consideration, wherein the division 
of the mother-cell and th^ casting off of the daughter-cell take place in one 
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direction only, the number of mother- and daughter-cells is always equal ; the 
total nvmher (0) of cells obtained from the initial cell {a) at the end of the 
reproduction being 

e = 2”a 

A much greater rate of increase is attained in a given time when the sub- 
division is effected in several directions siTnulta/tbeously. Ezamples are known of 
both possible events, viz , separation in two, and separation in three directions at 
right angles to one another. 

§ 48.— Division in Two Directions. 

In this case the cell contents subdivide into four parts by the formation of 
two septa intersectmg each other at right angles, and each splitting into two 
lamellsB, whereupon the mother-cell becomes four daughter-cells The latter 
again undergo subdivision, whereby 4x4=16 cells are formed At the end 
of n subdivisions, the total number of cells from a individuals will be — 

e = = 2^a 

In this case, where the separation goes on continuously in two directions 
perpendicular to one another, and so always in the same plane, there results — 
provided the gradually extending cells retain their connection — a mosaio-like 
stratified plate which baa been named Merismopedituii (divided plate) A coccus 
exhibiting this method of reproduction is known as a pediococcus To this 
group belongs the lactic-acid-produoing Ped/Loooccus (iGidi Icbctioi discovered by 
Paul Lindner. 


§ 44.— Division in Three Directions. 

Oocci, wherein the reproduction of the cell is effected by division in all the 
three directions of space, are designated Sarcina. In this case the contents of 
the mother-cell divide into eight equal parts by the for- 
mation of three flat septa, perpendicular to each other, 
which subsequently split up into two layers, whereby 
each of the eight daughter-cells is surrounded on all 
sides with cell-membrane. 

When these, as they generally do, remam attached 
together, their appearance resembles a corded bale of 
goods, or a cubical packet See Fig 13 

In the course of reproduction an initial number of ^ cC 

cells represented by a will increase by n processes of 13 — Sarcma veuurionii 

division to a total of — contents of a diseased 

Btomaoli a. Individual cell, 
e = b, the same divided In one 

direction only. o. the same 

The Sarcina maanma^ frequently met with in malt divided in three directions . 
mashes, may be cited as an example of this form of ^ packet colony of calls 
growth A comprehensive classification and accurate characterisation of all 
known species of the genus Saa'ovtuL has been given by Th Gruber (I.). 

Subdivision in more than one direction, and therefore the formation of sheet- 
like or packet-shaped aggregations of daughter-cells, has hitherto been observed 
solely among iso-diametric and a few thread bacteria. The first group (of coccus 
form) 18 constituted by Sarcvna The behaviour, in this connection, of the 
second group {e,g Crenothrix) will be subsequently discussed. 
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§ 45.— Form of the Daughter-Cells. 

Oocci, when observed mnnediately after their production by subdivision, 
exhibit a more or less angular outhne, smce the surface of separation between 
the mother- and daughter-cell is flat, appearing to the eye as a straight Line. 
This ^shape, however, very soon undergoes alteration, the cell-membrane being 
caused to bulge outward by the pressure of the plasma, whereby the plane 
surfaces are rounded and the cell assumes the customary appearance of the non- 
facetted coccus. By the same cause the initially plane circular outline of the 
smaller side of a cyhndncal bacillus, newly formed by fission, becomes dome- 
shaped. 


§ 46.— Division of the Nucleus. 

As 18 known, the division of the nucleus can be effected, in the higher plants 
as well as in animals, in two ways The simpler of these, generally known as 
segmentation, or os direct or amitotic division of the nucleus, occuis^ in the 
higher plants, only in such cells as have ceased to subdivide, and whose 
multiplioation has therefore ceased. The nucleus elongates, becomes con- 
stricted at an intermediate point, and finally falls apart m two halves. Moie 
complicated, however, is the other process known as indirect or mitotic 
division of the nucleus. In this case the final separation of the nucleus into 
two portions is preceded by a far-reacbing transformation of the substance 
of the nucleus of the mothoi-cell, an operation entitled karyokmesis; and it 
is in this manner alone that the subdivision of the nucleus oocui'S in the 
segmentation cells of higher plants and animals. Fundamental researches 
into this process have been made by Flemming (I ), and in the naiTOwer 
domain of the ThallopJiytes the investigations of Schmitz (I ) merit attentioj^^ 

In so far as the S^izomycetea are concerned, BtrrsoHLi (I. and II.) maSe 
various observations, from which Zachanas concluded that the division of 
the cential body of fission bacteria is amitotic or direct. Wahhlich (I.), 
Frbnzel (I.), and SjObjunq (I.) studied the matter more closely, and, according 
to them, the chromatin granules of the central body (§ 35) are first dissipated, 
and then the latter stretches and subdivides. Concurrently, the new septum 
interposes itself between the two moieties of the cell and then sphts up into two 
lameUiE, thus effecting the separation of the two cells. 

As will be remarked, the Sohizoniycetes assume an exceptional position as 
regards the behaviour of their nucleus durmg cellular subdivision, the operation 
being in this case alone direct, wheieas in all other plants karyokmesis occurs 

§ 47.— The Rate of Reproduetion 

IS, naturally, influenced by external circumstances, especially by the method of 
nutrition and the temperature. It also varies under the same external con- 
ditions in the different species The time required for the formation of one 
bacteriat cell from another (a new generatioo) is known as the period of gene- 
ration This period was determined by Bbepeld (I.) and by Prazmowski (I.) 
as twenty minutes at 35° ; thirty minutes at 30°, forty-five mmutes at 25° , 
ninety nimutes at i8|-°, and four to five hours at 12 5° 0 , for the hay bacillus 
{Baozllua 'hihtilis) Similarly rapid is Koch*s V%hmo choleroe CLSiaticce^ the 
period of generation for which under favourable conditions is only twenty 
minutes, as ascertained by Buohner, Longabd, and Riedlin (I.) If the number 
of cells present in a bacterium culture at the commencement of an experiment 



^^jy^^^eneration is ^ .1 a - , 

Mon tba;fc the period of generation 
If wo take a single bacillus 
®d^b a weight of 0.000000001571 
&^esaid assumption, at such a rate that in 
fflfe to 281 bilhons, and will occupy a 
^,Ouh, jns,). Within a further three days tWa,, : 
ronfficiout to completely fill the beds of all tho ' 
of the progeny would be expressible only 
inordinate development does not 
of external influences, and especially to thf ^ 3 
species themselves. A no less powerful 
fethe transformation products excreted 
E^oducing cells, which finally arrest fwrtte 
^htitriment is still available, * ^ 
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CHAPTEE V. 


THE PERMANENT (REPRODUCTIVE) FORMS OR SPORES. 

§ 48.— The Fopmation of the Endospores. 

Thb cell forms, hitherto considered, produced by fission, and generally designated 
vegetative forms of growth, have only relatively low powers of resisting the 
multifarious dangers to which bacteria are exposed in Nature. The fact that 
nevertheless, these tender organisms hold their ground is due to their faculty 
for producing special forms, which, on account of their physiological function 
are known as permanent forms (spores). These may be of two kinds, viz., endo 
genoiifl spores, and arthrospores. Any account relative to the continuation oi 
the species will therefore have first to deal with the formation of the endospores 
When a bacterial cell commences to develop such a new form, it condenses 
its cell contents into a smaller space, and then surrounds them with a tough 
smooth, colourless membrane (probably composed of twc 
layers) The form thus product is enclosed on every side 
by the membrane of the mother-cell (Fig. 14), m which it i£ 
developed, and is therefore called an endogenous spore 01 
endospore. The greater density of its contents is evidenced 
by their greater refractive properties, which, were they 
confined to the spores, would enable these to be detected 
with certainty by the optical method alone. This is, how- 
ever, not the case, large, highly-luatrous drops of a fatty 
nature, and which cannot, without other means, be accu- 
rately identified, occurring frequently in the cell plasma 
of the fission fungi In such cases germination teats — dealt 
with in the folio wmg chapter — must be resorted to for the 
purpose of differentiation. 

With regard to the transformations undergone by tbe 
individual parts of tbe contents of the mother- cell prece 
dent to spore formation, uncertainty still prevails According to the observa 
tions of P Ernst (§ 35), the chromatin granules of the central substance 
appear to play an important part in these changes, on which account this 
worker entitled them “ sporogemo granules ” 

Soon after spore formation has terminated, the membiane of the mother-cel 
is dissipated, swelling up and dissolving in the surrounding liquid, and thuf 
leavmg the spore free. This 10 the ordinary course, but in many instancee 
deviations occur, one of them being in the case of the Spinllwni mdoparagogxmm 
discussed rather more fully below. In this case the membrane of the mother 
cell encloses the spore long after the latter is mature, and is still present wher 
the spore germinates. This is described m the next chapter. 

§ 49.— Alterations in the Form of the Mother-Cell. 

In many instances the mother-cell undergoes alterations of form daring th( 
process of spore formation, ♦and swelling occurs, 
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Fro 14. — Bacillus 
megfatlierlTiiii 

Spore formatlou 

r ohaiii of four cells 
wltli rlpL‘, tougli- 
walled endospores 
(4/f flr 2>fi Bar)i ) 
Magn 60a 
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m6Ti0BS CEIX 


When thta happens at one of the polar teP^ftinatfons of a rod-shaped cell, the 
latter then assames the form of a nail or drumstick. Bacteria exhibiting this 
peculiarity are styled nail-bacteria or helo-baoteria by Billroth, or Urocephalm^ 
by Tr6cul, and in medico-bactenological literature they are also frequently 
called pin-head bacteria. The earliest known example of this kind was the 
Vibrio rugida (Fig. 15), frequently encountered in pools, and another is the 



Pro 15 — Vlbro tngTilo. 

Seven rods, eaol;i with a ter- 
mlluU spore {After Praz- 
mowshi ) Mi^. 1020 



Fig 16 — Olostrldium butyrioum. 


Spore formation 

a, h pnrdy vegetative cells , d commencement of spore 
formation , o-e progress , f-h completion , a-f contain 
granolose stained blue by Iodine , h. devoid of tbis car- 
bohydrate, unstained by iodine , g cell with two spores 
{After Prazmowski) Mogn 1020 


“ drumstick bacillus/^ found in human fseces by Bienstook (I ) The author 
has often found morphologically similar fission fungi in skin developing on 
the surface of boiled infusions of hay , and as a matterlof general interest an 
example from the pathogenic bacteria may be cited, viz , Baoilkts tetanic by 
which tetanus is produced 

Not inferior in number are the species wherein the sporogenic rod ordinarily 
swells up in the middle and gives rise to a spindle-shaped ou'thne resembling 
that of a lemon or cop of yarn. TiiiouL (I.), 
who in 1865, in the course of his studies m 
butyric fermentation, first became acquainted 
with this bacterial form, gave it the name of 
Olostndiiim, a term adopted as a generic name 
by Prazmowski, The two species described by 
this worker, viz., Cloatridivm hutyncum (Fig. 

16) and GL Polymyxa^ were supplemented by 
Liboeius (I.) with Gloatridmm fcstidum^ a fission 
fungus, which is isolated from old cheese, and 
produces a repellent odour m artificial nutrient 
media. A fourth species is the Bamilus aVv&i, 
discovered by Ohbshirbj and Ohbtnb (I.), which 
causes the so-called foul brood ” in bees. 

The BobcilVua injiatua (Fig. 17), discovered by 
Alpeed Kooh (I ) lu t888, also belongs hereto. 

Beyennck investigated the conditions under 
which the Olostndium form is assumed by a 
number of species, having close affinities with Oloa 1 n*idw/fn byfyricuTrij which 
have been grouped under the genus Qra/rhvdobact&r, • 




Fig 17 — Baclllufl Inflatua 
Spore formatdon 

a, 5, e oella of CloBtridlnm form, each 
containing one elongated cyiindrloal 
endoapore, 0, d,/, ^ cells with two 
spores of nneqnal size {After A 
Koch) Magn. 2ioa 
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THE PERMANENT FORMS OR SPORES 


§ 50.— The Number of Spores 

produced m a single mother-cell exceeds unity lu but few species. The fi 
communication on this subject was made by Prazmowski, who found that 
exceptional cases Glostridivm hutyo^icum developed two spores in a cell. A rep 
sentation of this is given in Fig i6 . Ed Kern (I.) observed in Caucasi 
kephir granules a bacillus to which, on account of its faculty of producing t 
spores, the name of Diapora caucasica has been given. This bacillus produces 
spore at each of its two poles, without any alteration of size or shape bei 
undergone by the latter The contrary report, met with in many books, vi 
that this microbe durmg spore formation swells up in such a manner that 
assumes the form of a dumb-bell, is a pure invention. The doubt mised 
MAofi (I.) in 1889, and shared by many others, against the sporons nature 
this form, is also groundless, since a perusal of Kern’s treatise shows that tl 
mquirer confirmed by observation the germination of the doubtful spores in 



Pig 18 — SpliUlum endopara^oglcuin 


C, vegetative oells , A, two cells, one with two 
and the other with three endospores ( After 
Sorokin ) 



Pia 19 — BncilluR tnmewiiR 

Chain of seven cells, six of which ]ia\o ti 
veloped one spore apicco, whilst tlio 8c\ on 
and central coll lina louialucd bnrron, 1 
plasma Is graniilai*. (^A/tei A kovh ) Mug 
1100 


new ro(^ A third specif in which this unusual fruitfulness has been observe 
18 the abov^named BtxeMm inflaim, m which, however — as is shown by Fig i 
—the sit^tion of the spores is not polar, but central. B KiUMEa (I ) repoil 
i^hat the Baeill'm m^ogen^ mni III, iBokted by him from turned wine, swel 
up at first at one of its poles and develops an endogenous spore therein, anothc 
spore being then formed in the handle of the drum-stick form thus produced 
so that two spores are developed in the same cell. ^ 

T, ntnS hitherto bee 

This wna vnna fungus , the SpvnUum endoparagogieun 

This was repeatedly observed by Soeokin (I) m a small pool of rain^vate 

mS?isVven S " 1 ^ f ^ reprUntatiorof 

'4-1. +J. 1 8 In A 18 seen a cell containiuff two and nnothe 

o?s™"^rr ^ theTo^ 

present onlv a feiA^nw (i* may be mentioned m passant) up to th 

fif ^ ^ attempts of this kmd have succeeds 

«LS”lb, „ S? C “I™"’ \lpr,Uv, 

discovered and thoroughl 

obW by H Juiri citron-yellow colouring matter- 

described by H. L RussaLhiT L a*/ SpinBur 

y ij. n.ussELL (It ) as a frequent inhabitant of the mui 











and water of tbe ^ Ilf ft A 

are &6rem«iy siisoeptifcbto vaa:i«^ti©55iiit^^^ ^ 

With these exoeptions, only one-i#^ia produced 
which event the spore fornjation,does got i?esult in an ihoreafl^fe^^ ir 
the oeDs. It is scarcely necessary to remitpfe that it is not ever^ tbai 
a spore, it being a matter of frequent observation that ii;i!mrvidual < 
bacterial chain are sterile, leaving their neighbours on either hemd to cbj 
maintenance of t!^e species. An attempt is made to reprint this si 
things in Fig. 19, which is a drawing (^iBadU/m tmmac&ns iii«de from nat 
A. Kooh (I.). 

§ 61.— Form and'Size of the Spores, ' 


These cta^actenstics vary of course in different species, the spores of 
suhtfUis, for example, being ellipsoidal and measuring 1-2 u in length by a^nt 
0.6 /A in breadth, whilst the similarly shaped endospores of vlostrtdiwffb hatyficfuwi 
are 2-2 5 fi long and i o /x broad Ihe general shape is ov^, but there are 
noteworthy exceptions to this rule One or these is exhibited by the Baeiihs 
which has already been frequently referred to. AM can be seen from 
Fig. 17, the spores of this microbe have the form of an elongated cylinder, 
are often curved in the shape of a bean. With a breadth of about 0.7 p ^ 
largest of them attain a length of 3.8 p., in which respect this species is as 3^ 
unrivalled. . We may here mention that in A Koch^s work, as also in Eiaenberg*s 
treatise, already alluded to, a number of spore measurements are given. GSe 
duration of spore formation has been determined by Prazmowski for Clostridium 
hutyrioum as 10 to 18 hours at 3o°-35® 0. 


§ 52.— The Conditions Influencing* Spore Formation 

have been frequently investigated, but no generally satisfactory elucidation has 
yet been obtained H. Buchner (II.), on the basis of his studies, sought for 
the explanation m the exhaustion of the supply of nvM'immt, but this is 
contested by Osborne (I ). Turro (I.), on the other hand, sees the cause in the 
accumuLaiion of noxious transformation products, against which the vegetative 
form seeks protection and the maintenance of the species by developing the 
hardier reproductive spores. 

A. Koch established the fact that Bacilhis infiaius in hanging-drop cultures 
forms spores when a i to 2 per cent solution of meat-extract is employed as 
nutrient medium, but that they are not formed if grape-sugar be added thereto. 
Clostridium hutyi'icum forms spores only in the absence of oxygen, whilst the 
morphologically similar Cl Polymyxa, on the other hand, produces them only in 
presence of this gas. Kotljae (I ) found, in a microbe named Baoillua pseud^ 
anihraois, that spore formation was influenced favourably by violet light but 
unfavourably by red light. 

Past experience has shown that the fomation of endogenous spores is 
confined to the rod-shaped species (bacilli). This observation has been utilised 
in the classification of bacteria, as will be seen m § 69. The reports to the 
contrary found in the literature of the subject lack the force of proof, since they 
Ignore the fact that the sporous nature of the growths seen to originate in the 
cocci has been demonstrated by germination tests. 


§ 53.— Resisting Power of the Endospores. 

The forms in question are endowed with the character of reproductive cells, 
since they are able to withstand those adverse conditicftis which would inevitably 
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THE PERMANENT^ FORMS OR SPORES 

to th6 vegetative forms. As in the following sections — especially that 
4 *^ with sterilisation — occasion will often arise for a closer investigation of 
,wMfo faculty, so important for the maintenance of the individual species, an 
^(^sdmostive and tedious list of individual cases need not be given here ; it will 
. ^ feair^ore suffice if we cite one example, via , BacUlua subtilis According to th'e 
'researches otf Beefbld (L), which were confirmed by M. Geuber (I.), a con- 
j-'Snuoos exposure of twenty minutes to the action of boiling water suffices to 
^ $68broj the sporeless rods of this microbe , whereas to kill the spores requires 
. 'ftree hours* boiling at ioo° 0 ., or a quarter of an hour’s exposure at 105° 0 , or, 
j^^ly, the action of a temperature of no® 0 . during five minutes The 
^eeer^on made by Koch, that the continuous action of steam at 100° 0 for 
^ Sfteen minutes will destroy the spores of any of the bacteria, was subsequently 
r ^ne^itived by his pupil E. von Esmarch (II.) According to Swan (I ), spores 
SaeUliLs vMgaih^um^ dried on a cover-glass, retained their vitality and 
V gjtooinating power for more than three years. 

ifc. made of these powers of resistance for separating the sponferous 

' |r^ associated non-sporiferous bacteria. By skilful handling, e g. by the aid of 
Snffioiently high temperatures, the weaker species in a mixture of bacteria can 
killed off, leavmg only the spore-producing individuals. A process based on 
TOW mode of procedure, and known as the boiling method, was introduced into 
m^nology by Roberts (I.) for obtaimng pure cultures of the hay bacillus, 
^ the same method was employed by Prazmowski for preparing cultures of 
^ Cloaindtum hutyncum, * 

. The seat of tbs high power of resistance has already formed the obieot of 
numerous researehM. One school looks for it in a peculmr modification of the 
instenee, m the presnmably low water-content thereof, as 
e^g^ted y Lewith (I.). Others, again, attribute to the spore membrane an 
^ . low heat-oonductmg power, and a very slight degree of permeability 

s'lbatanoes. This latter opinion seems the more probable one, 
eonad^ from a physical point of view, and is farther supported V 

§ Behaviour of the Endospores towards Dyes. 

call observed in a previous chapter, the dead plasma of the bacterial 

colouring matters gteed.ly and copiously The staining of the 

fe ^d^a^u^ln diffirfult, and consequently they have to be exposed 
t^dye a much longer time before they wiU absorb any of it However the 


^ ^ differential staining 

with a smtabtej^ r^Sn^lfi’ I purpose the latter are treated 

pregnated therewith the nrArw^f spores are thoioughly im- 

(generally slightly acidified al^olWbT'^ ° steeped in a decolorising liquid 
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cell^ that behaves similarly towards dyes is to be considered as an endospore , 
whereas it is not yet proved that spores alone 
. exhibit this power. A general report concerning the 
spore formation in any bacillus must therefore be received 
with due reserve when it rests merely on the result of 
staining experiment? The sole decisive proof of the 
sporons nature of such bodies is afforded by their ger- 
minating power alone, a subject discussed in the next 
chapter. When this property has been observed, the 
stainmg flask is no longer needed, its use in such case 
being confined to the preparation of a colouied slide, 
which, m itself, is now valueless as a on tenon 

The propeity of oftering considerable resistance to 
decolorising agent?, possessed by the endospores, is also 
shared by the vegetative forms of a few species of bao- 
tena, among which are the tubercle bacilli and the leprosy 
bacilli. This unusual behavioui greatly facilitates their 
detection by microscopical examination alone, and is of 
particular utility in this respect in the examination of 
milk and of the sputa of consumptive patients 

The differential sbaimng of tubercle bacilh, also ex- 
perimentally ^plied to non-pathogenic bacteria by many bactenologists, will be 
found deaJt,‘{<^|^ m each of the above-named books. 

§ 55,—Apthpospopes. 

As already remarked, the capacity for forming endogenous spores is not 
univers^ among the fission fungi. The question then arises as to the means 
whereby those species not endowed with this faculty protect themselves against 
adverse external influetices. 

In many cases tiie resistance of such cells, and consequently the maintenance 
of the species, is secured by the development of a protective wall of cells. This 
is most frequently met with in zooglma-masses of bacteria. 

In other cases actual spore formation occurs. This, of course, takes place 
not within the bacterial cell, since that would imply endospore foimation, but by 
a thickening of the membrane of the individual cell m question, which thereby 
plays the part of a reproductive cell This procedure is known as arthrospoie 
formation, since the spore detaches itself from the chain of moribund cells, encysts, 
and becomes dormant until conditions are once raoie favourable for its germina- 
tion, when the cell increases in length and subdivides in the same manner as the 
vegetative form. 

The thickening of the cell membrane of the incipient arthrospore proceeds, 
in many instances, to such an extent as to form spiny excrescences on the exterior 
surface This was observed by HAWSGiaa (T ) in two species of bacteria, viz , 
Mycacanthococcus ceUaria and Ifycotetraedron cellare, found by him on the walls 
of a cellar at the Oastle of Pleissen, at Leipzig. The arthrospores of the latter 
species, which are tetrahedral in form, exhibit at each of the four angles a spiny 
thickening of the membrane 2 /x in length. 

The name arthrospore will be understood when it is remembered that this kind 
3f spore IS met with particularly in the thread bacteria, from which it bcomes, as it 
svere, actually dismembered. Examples of this are exhibited by the Crenoth-ix 
observed by Cohn, Cladothrix by Eopf, Zeptothnx by Miller, and Streptothnx Fv&i'- 
Ueri by Gasperini (I.) The discovery of these organs in species of cocci, (fio. — 
}uch as the urea bacterium found by Jaksch (I.), in B. v^[mico8um\iy Zopp (11.), 
n Bacterium Zopjk by Kurth (L), and so on — was only a secondary matter. 
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CHAPTER VI. 


THE GERMINATION OF THE ENDOSPORE. 


§ 66.— First Type. 

When the spore is exposed to favoui’able conditions as regai'ds nutrition, it 
abandons its dormant state and begins to germinate by commencing to absorb 
liquid from the surrounding medium It then becomes distended, its high 
refractive power gradually diminishing in the same proportion Further 
development can then proceed in three ways. 

The first type of spore germmation was accurately observed by H. Buchner 
(HI.) in Bacillibs anihraciSj the producer of anthrax, and afterwards discovered 
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Fig 21 

BaclllUB autliroolB 
GermlDatlon ot Bpores 
8 lha ripe spore before 
germination begins, i, 
2, 3 three suecessive 
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3 the fnlly developed 
rod (4/^er De Bary) 
Hagn about 600-700. 
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Fig 22 ^Clostridium but^ rlcnm. 

Spore formation 
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if, e young rod escaping from pol ir extremity 
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in other kinds , as, for instance, by Pea 25 mowski (II.) m a fission fungus named 
by him “ mistbakterie *’ (dung bacterium), and in a second species isolated from 
fei meriting urine The progress of germination in this type is very simple 
(Fig 21) The spore, gradudly acquiring the normal dimensions and fiinctioiif 
of the vegetative form, soon divides and lepioduces by fission According tc 
several observations made by Biefeld, the external layer of the spore-membrant 
(“ exosporium ”) separates duimg this germination process and swells up Thif 
haimonises well with the remaik made in a previous paragraph, that the spore 
capsule probably consists of two layers, distinguished as ezosponum and endo 
spoiium. 

§ 57.— Second Type of Spore Germination. 

Microscopically the imtial stage of the process is identical with that describe*, 
in the foregoing paragraph, the refraction of the spore diminishes and an in 
creaiae in size occurs Then, however, the contents of the spore are elaboratec 
into a new rod, which is surrounded by a thin membrane, and which, by iti 
further growth, bursts the spore capsule 

This rupture is efiected at the point of least resistance, the position of which — 
and coi^equently the mode of escape of the germ — vanes m different species. 

n Clostridxum hiUyncum, Cl, Polymyxa^ and a few others, the spore capsuh 
opens at one of the poles, so that the direction taken by the young rod in iti 
escape is in a line wiHh its length, as shown in Fig 22, d. The expulsion n 
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effected by the spore membrane, the tension of which is gradually increased to 
such an extent, through the expansion of the spore contents, thab it finally 
squeezes out the mature spore. The capsule then shrinks at once to its origin^ 
size, and gradually disappears from view by swelling up and dissolving in the 
surrounding hqmd If the spore has originated from any species of motile 
bacteria, the liberated rod begins to rove directly one of its extremities is free. 

It not unfrequently happens that the empty spore capsule is not completely 
detached from the germ, but rests as a well-defined cap on the rearward 
pole for some time, until finally it disappears In a few species the persistence 
of this membrane is very considerable, whilst the force of contraction is small 
and insufficient to expel the matured rod An example of this is afforded by 
the Baoillv^ sessiks, discovered by L Klbik (I and II.), which — as its distinctive 
name implies — remains embedded in the spore membrane This captivity, 



Note — 10 to 13 Ubr BT (U ) = lo A m to 12 noon .iro/D = xt0 7PM 
Fig 23 — Germinivtiou of spores of Bacillus sessllls 

Progressive observation of tbe germination of five cndospores ('1-5) undei Lho 
microscope at 3o“-35“ C Hanging-drop culture In meat-extract solutlou The time 
of the observation (uom 10 a m to 7 p m ) is given under the Illustrations of tho 
separate stages of development (A-K) of the germination Spore 3 had not 
germinated even at 7 p M {After L Klein ) Hagn about 1000 


nevertheless, in nowise letards its nutrition and reproduction, since by fission it 
forms new lods, which it protrudes through the polar openings at loth 
extiemities in the muff-shaped capsule, tbe said rods quickly forming spores in 
turn An illustration is given in Fig 23 


§ 58.— Third Type. 

In Bdcillus suhtiha (Fig. 24), BaciUua nieyathenum (Fig. 25), and a few other 
species, the spore membrane does not burst at the poles, but along a line comcid- 
iDg with the equator of the spore This line, however, extends only part of the . 
way, not right lound the spore, so that the two halves of the membrane stDl 
remain attached together at one point The rod then makes its exit by bendmg 
somewhat at the centre, and, by turmng one of its extremities, pushes it out of 
the capsule, one half of which often remams on the other pole for some time bke 
a cap, the other half hanging down empty Sometimes the germ cannot liberate 
even one end from the capsule, both poles remaining wedged between the two 
halves of the membrane (these acting like a pair of tonga), and the central 
poition alone projecting. This position, however, does^fiot prevent reproduction, 
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gives rise to horse-shoe chains (Pig. 26), which only separate into their 
^^dLvidual memhers when the spore membrane has become swollen and flaccid. 
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Fig 25 — Bacillus megatherium 
Spore germination 

Aj two drlod rlpo spores ouclosud 
by the walls of the mother-cell 
/{q. the same spores after forty- 
five minutes’ immersion in a 
nutrient solution 
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vestod themselves with a now 
membrane and are escaping 
from the old capsule 
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26 — ^Bacillus BubtUls. 


/ Impeded germination. 




Fig 27 — Spirlllnm endoparagoglcum 
Spore germination. 




1 Calls with ripe spores eauslng 
the mother-cell walls to bulge. 

2 CoTnmeucement of spore gcr- 
mln^lon, capsule fissured eqna- 
tOTlolly 

3 Ordinary unimpeded escape of 
the germ. 

4. Exit somewhat Impeded, one 
pole being eventually liberated 

5 Both poles of each germ re- 
main fixed, germ divides Into 
two oelts 

{After He Barg ) Hagn 600 


A, purely vegetative cells In brisk motion. 

B, three spirilla with four to six spores, those 
In the central cell being ripe 

D, mother-cell with germinating spores, from 
which proceed 

E, branched forma, snbaequently dismembered 
Into single cells 

C, moribund spirilla, one with three spores 

{After Sorokin ) Magn 1375 
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A unique procedure is manifested in the germination of the spores of Spiril- 
^ lum eTidopa/t'agogicum^ the membrane of the mother-cell remaining unimpaired 
(as already mentioned) after the spores are formed, so that the germs proceeding 
from the spores have to penetrate the membrane of the mother-cell in order to 
attain their freedom. Not infrequently they remain attached by the one end, 
thus giving nse to a branched form, as shown in Fig 27. 

§ 59.— -Importance of this Process in the Classification of Bacteria. 

Since, according to observations made thereon, the course of spore germina- 
tion diflfers m the various species, it may be utihsed, in the characterisation of 
species, as an invariable and therefore reliable indication. One example, serving 
for Bacteriology in general, may here be cited. H. Buohner (TI.) ascertained 
that by a suitably modified method of culture it was possible to deprive the 
anthrax bacillus of its virulence and render it harmless. Sundry other experi- 
ments (subsequently found to be defective and deceptive) with the hay bacillus 
{B auhtilis) induced him to assert that these two 
species were identical^ the hay bacillus being an 
anthrax bacillus that had lost its virulence, and 'owe 
vered Now it hae already been shown that the 
germination of the endospores of £ anthrcwis 
follows a different course to that occurring in B 
auhtilis, consequently, if the former were by 
Buchner's treatment not only rendered harmless, 
but also actually converted mto B suhlilu^ then the 
course of germination must also have become corre- 
spondingly changed. Startmg with this assump- 
tion, Prazmowski (III.) subjected a weakened 
anthrax bacillus (presumably transformed into B 
auhtilis) to examination with regard to the nature 
of the formation and germination of its spores. 

He found that both operations pursued exactly 
the same course as in the virulent (unweakened) 
anthrax bacillus, thereby disproving the assump- 
tion of the identity of the two species. 

The first observation of the production of de- 
veloping reproductive cells withm the bacterial cell 
was made by Pertv (I.) in 1852, who designated 
the rods he found to possess this property Sporo- 
nema gracile (Fig 28) His communication, 
however, met with no recognition and fell into 
oblivion. About fifteen years later Pasteur (VI.), 
unaware of Perby’s observation, re-discovered the 
same fact in the course of his researches on the causes of lethargy in silkworms 
{gativTbd) The fission fungi which he found in large number m the Alimentary 
canal of the diseased (lethargic) worms, and which he experimentally ascertained 
to be the cause of this generdly fatal epidemic, frequently exhibited internal 
lustrous enclosures, the formation and function of which he explained to be 
reproduction by endogenous germs {^W^p'i'oduction pour noyaux 
without, however, observmgthem more closely m order to ascertain the accuracy 
of this hypothesis. 

Only one proof was needed to set this beyond doubt, namely, the 
demonstration that these forms have the faculty of germinating and of develop- 
ing mto new individuals. Feed. Oohen (VII.) firsif succeeded m doing this, in 
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1876, with, a baciUus isolated by him from an mfusion of hay. This fact defi- 
Jiitely proved that the bacteria belong to the vegetable kingdom, since, spore 
formation exclusively characterises the sub-kingdom ThaUophyta, and is unknown 
in animals. A more accurate account of thib important process was given two 
years later by Oskar Brepeld (I ) for BamUvs mhtilia , two years subsequently 
by A. Prazmowbki (I ) for Olosti'idium lutyriGum, m 1882 by Haks Buohnbr 
(II ) for B, anth'ociB , then by Db Bary (I ) for his B. megatherium^ and by 
others. 



SECTION II. 

GENERAL BIOLOGY AND OLASSIEICATION OF BACTERIA. 


CHAPTER VII, 

THE BACTERIA UNDER THE INFLUENCE OF 
PHYSICAL AGENCIES. 

§ 60.— Influence of Electricity. 

Thb effects of this agency were first recorded by Sohiel (I.) in 1875, the earliest 
exhaustive researches being earned out by Cohn and Mendelsohn (I ) in 1879, 
succeeded m following years by the labours of Apostoli and LAQUERiiiiRB (I.), 
PaooHowNiK and Spath (I ), and DuOLA'a;x (III ) The same method of experi- 
menting was followed by all these observers, and consisted in passing an electric 
current through the culdure. Cohn found that, to produce an appreciable 
weakening effect by this means, a battery of at least two cells was required, the 
current from which, when passed for 12-24 hours through a nutrient solution 
inoculated with bacteria, was unable to kill the germs, but nevertheless ren- 
- dered the medium unsuitable for further culture. This result, as explained by 
Cohn, was due to the action of the current in forming decomposition products 
mimical to fungi Bearing this in mind, such a method of experiment is there- 
fore unsuitable for affording a clear insight into the influence of the current 
itself These labours are, nevertheless, worthy of mention, since, having been 
further pursued with a practical aim, they have led to the elaboration of a 
process for the purification of sewage water (as developed and tested by Webster 
(I.) in particular). The water to be purified is led through a trough into which 
dip large iron plates, acting as electrodes for a powerful current generated by a 
dynamo machine and passed through the liquid. Fermi (I ) tested the process 
from a bacteriological point of view, and ascertained that — under the conditions 
of the experiment — a current of o 5 to i o ampere reduced the number of germs 
to between -^^th and y^^yth of the initial quantity 

To ascertain the effect of the electric current, unaffected by secondary 
chemical influences, Bueci and Frasoani (I ) proceeded by drying the bacteria 
(^ e a small portion of inoculated nutrient solution) on a pad oF glass wool at 
37° 0 , and then dipping the pad into mercury through which a constant galvanic 
current was being passed In this case the bacteria were killed , but the method 
of experimenting is not free from objection, since the dried constituents of the 
medium were present along with the bacteria, and might retain moisture and 
form decomposition products noxious to tbe latter 

These injurious secondary influences can only be perfectly excluded when 
the electric current is prevented from coming into contact with the nutrient 
medium, a condition first attained in the experimental method selected by 
Spilker (I ) and Gottstein ( 1 .). The glass flask containing the bacterial culture 
wajB enveloped by a coil of the Ime wire, and an induction current then passed 
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pi*odA.g^ 08 U 8 — washed by sedimeDtation in pure water or in water 
r^f^ified by nutrient gelatin — ^was killed when the liquid (250 c.c. in volume) 

> exposed for twenty-four hours to the influence of a current of 2.5 amptres 
and* 1.25 volts Other species of bacteria offered greater resistance, as, for 
example, those occurring in milk, which are gifted with the power of forming 
endospores capable of retaining their vitality under very adverse conditions. 
For this reason the above'Uamed observers never succeeded in thoroughly freemg 
patik from living germs by electrical treatment, although the number of the 
germs could be reduced thereby^ 

. B’Arsonvaii and Ohakbin (I ) studied the influence of the electric current 
on the blue pigment of the Bacillus pyocyaneua found m the pus discharged by 
wounds. They placed a culture of this organism in the cavity of a solenoid 
traversed by a current of 10,000 volts; an exposure of twenty minutes sufficed 
to destroy the ohromogenic power of the bacilb. almost completely. A similar 
decrease of virulence was observed by S KrUgee (I ) in the case of a few 
^ pathogenic bacteria; and, finally, reference may be made to a research of this 
nature performed by H FaiKDEJffTHAii (I ). 

At present, owing to the high cost entailed, the utihsation of the anti- 
bacterial powers of elecfciicity in the food-stuff industries is out of the question. 
jUse has, however, been made of these powers in the fermentation industries, 
although the primary object of the process is not the destruction of germs, but 
the chemical changes effected by the electric current. Alcoholic beverages (wme, 
cognac) are artificially matured, and a slight esterification, and consequent 
mellowing of flavour, produced by allowing the liquors to flow slowly through 
an electrical field. A more detailed consideration of this process is, however, 
^ beyond the scope of the present work. A review of the methods proposed for 
this purpose and the experiments made therewith is given by A. Sohrohe (I.) 

D’Arsoiival and Dubois have made a few observations on the influence which 
magnetism (so closely allied to electricity) has on bacteria, but unfortunately 
these have not been followed up any further. 


§ 6L — Influence of Tempepature. 

The ordinary conceptions with regard to the favourable or prejudicial influence 
of certain temperatures on organic life cannot bo applied, without modification, 
to bacteria, and this is particularly the case with respect to the effects of cold 

J. Forster (I.) was the first to find (m 1887) that there are species of bacteria 
which at a temperature of 0° 0 are not only alive, but actually reproductive. 
This report is based on a luminous bacterium isolated by him from the surface 
of a phosphorescent salt-water fish, B. Fisoher (I ) next discovered fourteen 
other species, some m sea-wator, others in the soil, all of which were very 
reproductive at 0° 0 Returning to the subject, J Forster (II ) then examined 
more narrowly the natural habitat of similiar bacteriA, and found that 

Commercial milk contained up to 1000 per i c c 
Brjia water contained up to 2000 per i c c 
Gaiden soil coutained up to 140,000 per i gram 
Street mud an inn imemhle quantity per i gram 

Miqoel (I)., by keeping a sample of sea-water at 0° 0 , found that an initial 
number of 150 germs per i c c. increased to 520 in twenty-four hours and to 
1750 in four days ^ Th^e facte indicate that glacier water, bail, and snow may 
also contain bacteria. Quantitative researchas on this point have been carried 
out by L. SoHMELOK (I.), 0 . Bujwid (I ), W. Foutin (I,), Th Janowski (I.), 
and especially P Miquel^(I ). 
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The resistance of bacteria to low temperatures extends considerably below 
zero Centigrade, Fhisoh (I.) having shown that some species will bear cooling 
down to - iio° 0 . for a short time without injury. R Piotet and E. Yung (I.) 
found that bactena (species unknovjn) could be kept at — 70® 0 for 108 hours 
and at - 130° 0. for twenty hours without succumbing; certain (unnamed) 
species even withstanding the effects of a short exposure to - 213® (J. in 
sohdified oxygen These facts are ngt merely of general biological interest, but 
also, at the same time, important as regards the question of the suitable treat- 
ment of stored food-stuffs. This will be discussed in a subsequent paragraph. 

Antithetical to these cold-loving bactena is the Bacillua thermopliiltbs^ dis- 
covered by Miquel (II.), which thrives and reproduces with great activity at 
70° 0 , a temperature which instantly kills animal cells, coagulates egg albumin 
and blood serum, and produces painful burns on the skin. When kept at 50® 0 
this aerobic bacillus occurs as short rods, about i in thickness, which become 
longer as the temperature rises, threads beginning to form at 60° C., and 
constitutmg at 70® 0 . the sole occupants of the field The lowest limit of 
temperature at which development of this organism can be observed is about 
42® 0 , above 72® 0 . the vegetative forms die off This non-cihated hssion 
fungus IS but seldom met with in atmospheric dust, but is very frequent in 
sewage, and therefore also in sewage-contaminated waters It is likewise 
present in the alimentary canal of human beings and mammals. This locality 
seems to possess a highly suitable temperature for the growth of this saprophyte, 
although accurate knowledge on the subject is still lacking When the 
temperature rises above 50® the medium undergoes putrefaction as a result of 
the activity of the bacillus. 

Between BacHUus th&rmoph/diis and the aforesaid cold-loving species there 
are numerous species form mg intermediate links in the chain. In the case of 
Forster*s microbe, already mentioned, the highest limit of supportable tempera- 
ture IS 35° ^ cannot retain its vitality when exposed, even for a few 

hours, to a temperature of 35® to 37® C. Globig (I ) isolated from garden soil 
twenty-eight species of bacteria, each of which still developed luxuriantly at 
60° 0 , whilst the minority were able to grow at even higher temperatures. In 
connection with their occurrence in nature the question of the limits of tempera- 
ture — range of climate — within which they can grow is of interest. In this 
respect great differences were observed, one of them growing as well at 1 5° as 
at 68® 0 , whilst most of the others required a temperature of over 50® 0 , and 
one exhibited signs of development only when the temperature exceeded 60® 0, 
It must therefore be concluded that, under natural conditions, the reproduction 
of these organisms proceeds only in the height of summer, when the soil is 
sufficiently heated by prolonged sunshine These warmth-loving bacteria are 
not found in the ground exclusively. Lydia Rabinowitsoh (1.) isolated from 
the excrement of various animals, as well as from manures, milk, (ko , eight 
widely distributed species, for which the highest limit of temperature at which 
growth was possible was found to be 75® and the minimum about 39° 0 . These 
organisms are therefore able to reproduce freely in the alimentary canal of 
warm-blooded animals and human beings. Warmth -loving fission fungi are also 
not infrequently encountered m sea- water. One example of this is afforded by 
a phosphorescent bacterium found in the West Indies and described in chapter 
XV. under the name of Bacterium phosphoreacena This inhabitant of the tropics 
thrives best at 2o®-3o® 0 ., and ceases growing at 15° 0 Living bacteria have 
also been found in boiling springs, e g that discovered by Oortes and Garngon 
in the basin of a mineral sprmg, the temperature of which was 64° 0 
J Kaelinsky (I.) in 1895 discovered in the hot sujphur springs at llidze, near 
Sarajevo, in Bosnia, two species of Schizomycetea which he named Bactet'vum 
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Ludwig% and Bacillus Ihdzem^s capmlatus^ the former developing only when the 
temperature rose above 50° 0., and the second produoing endospores able to 
withstand four hours* exposure in water at 100® 0 without succumbing 

DibioxjnniS (I.) drew attention to the fact that, owing to the possession by 
bacteria of a certain power of adaptation to*climat]c conditions, no hard o/ndfast 
lines can be drawn respecting the limits of temperatiu'e within which growth is 
possible ; but that by carefully controllmg the stages of transition it is possible 
to somewhat extend these limits 

In ciliated bacteria spontaneous motion ceases when the temperature of the 
environment approaches the lower or higher limit, and they fall into a state 
of torpidity through cold or heat, from which they recover as soon as the 
temperature once more becomes favourable 

Reference to the morphological influence of temperature has already been m^e 
above (as also in § 29), and will be exhaustively described and illustrated, with 
a particularly fine example, in a subsequent paragraph. The transforming and 
ipodifymg power of warmth also extends to other properties of bacteria , for 
example, to the virulence of pathogenic bacteria, % e. their capacity for en- 
gendermg disease. In the present work, however, not more than a single one 
(on account of its general interest) can he lef erred to, viz , Pasteur's process of 
preventive inoculation for anthrax. If Bacillus anthraois be cultivated in 
meat-broth for twenty-four days at 42 “-43® 0 , a virus {premier vaccin) is obtained 
the virulence of which is so attenuated that sheep (the animal most subject to 
anthrax) moculated therewith experience only a mild form of the complaint 
If then inoculated with a second culture prepared by exposure to the attenuating 
influence of a temperature of 42°-43° 0. for only twelve days {second vaccin), 
the animals no longer sicken, even if inoculated by unattenuated B anthrams^ 
and are therefore immune against inoculative anthrax. 

§ 62.— Influence of Llgrht, 

The old empirical hygiean maxim concerning the disease-banishing power of 
the sun's rays — which is well expressed by the Italian proverb, Where the sun 
does not enter the doctor does ” — finds a full explanation in the bacteriological 
discovery that the overwhelming majonty of the fission fungi thnve much better 
in darkness than in the light, and are, in fact, under certain circumstances, 
killed by direct sunshme. This question of the influence of light on bacteria has 
already formed the subject of innumerable researches, most of which, however, 
are of purely medical and hygienic interest, on which account their consideration 
here must be restricted to a mere recapitulation of the mam points involved. A 
summary review of the literature of the subject up to 1889 will be found in a 
work by J Raum (I.), which in this particular is to some extent supplemented 
by the more recent publications of Th Janowski (II.) and Th Geisler (I.) 

Most of our knowledge of the question was obtained from the earliest 
investigations therein, published in 1877 and 1878 by Downes and Blunt (I and 
II ), who f ound^that the gi^owth of the bacteria is restricted by the mfluence of 
dififuse white daylight and is completely stopped by sunshine. The blue and 
violet rays proved the most injurious, the red and orange rays being weaker in 
their action The authors explained the mj*urious efiect of light as an indirect 
one, in that it strengthens the decomposing power of oxygen, the result being 
the decomposition and destruction of the bacterial plasma. Jamieson (I ), in 
1882, gave another explanation of the phenomenon by attributing the injury 
observed to the increase of temperature affected m the cells by the sun's rays. 
The fallacy of this hypothesis — ^which had been rejected by Downes (I ) — was 
demonstrated in 1885 by ]>tclauz (IV.)> first to employ pure 
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cultures — viz , of Tyrothrix soab&r — m the study of this question. He proved, 
at the same time, that the duration of exposure to sunlight necessaiy to kill the 
microbe la dependent on the composition of the nutrient medium employed for 
the culture, cells cultivated in bouillon proving less capable of resistance than 
those of the same species grown m milk. 

Several other explanations have been given regarding the particular and 
more intimate reactions that occur in a bacterial culture exposed to the I'ays of 
the sun. Some observers adhered to the opinions expressed by Downes, and 
attempted to show that, by exposure to sunshine, decomposition products are 
formed in the medium and act fatally on the bacterial cell Support for this 
view 13 found in the observation made by G. Koux (I ), that the destruction of 
the germ goes on much more rapidly when there is a concurrent admittance of 
air , and an indication pointing in the Siime direction is afforded by the fact, 
determined by Riohaiuison (I), that hydiogen pei oxide — a substance highly 
poisonous to bacteria — is formed when steiilised uiine is exposed to sunhght 
On the contrary, other obseiveis — Ward (I) in paiticular — have shown that 
the presence of such oxidising agents is not essential, but rather that sunshine 
alone suffices to destroy the vitality of even the strongest bacterial spores 
Piobably in nature both agencies co-operate in producing the same results. 

The laat-named investigator also examined more closely the degree of influence 
exerted by the individual colouis of the spectrum, and found that, in the case of 
red to green, this action is almost increasing thence to its maximum at the 
violet end of the blue, and then falling away again in the violet and ultra-violet 
rays According to the researches of Santorini and Geisler (I ), a similar, 
though less powerful, injurious action is exeited by the electric light, and 
F Minor (I ) has performed several experiments on the effect of the Rontgen 
rays on bacteria. 

The anti- bacterial influence of sunlight is of the highest importance, especially 
in regal d to the self- purification of livers. As is well known, the amount of 
organic matter and the number of bacteria in river-water dimmish in proportion 
as the water increases its distance from the point of contamination This 
property, on account of its hygienic and technical importance, has already 
forced the subject of investigation Hans Buchner (IV and V ) in 1892 
pointed out that all previous explanations of this occurience had omitted one 
iactor, viz., the induence of light He showed that a natural water to which 
about 100,000 cells of BacUrium coh commune — an organism constantly and 
abundantly present in faeces — had been added per i c c , contained, after one hour’s 
sunlight, no hvmg germs To bring this action into specially prominent notice, 
he poured peptonised meat-juice-agar-agar, inoculated with a copious supply of 
typhus bacilli, into Petri basins, on the under side of which were affixed tb© 
letters TYPHUS cut out of black paper. The basins were then exposed to the 
sun’s rays for one to one and a half hours, or to diffused daylight for five hours, 
and afterwards left in a dark room foi twenty-four houis. On the paper letters 
being then removed, their form was found to be marked out by the thickly 
clustered whitish colonies composed of the bacteria that had been piotected fiom 
the fatal effects of sunlight by the paper cover, and bad consequently remained 
ahve, whilst the residual uncovered portion of the medium was destitute of any 
such colonies. Fig 29 is a reproduction of the photograph taken by Buchner 
from one of the plates. The same result was obtained by illuminating the care 
fully-closed culture basin under water. Experiments made in the clear waters 
of Lake Starnberg showed that the anti- bacterial influence of the sun’s lays 
extends to a depth of some two metres (about eighty mches) below the surface 
of the water Therefore, to the already known factors in the self-purification of 
nvers — viz. sedimentation, oxidising influence 0^ air, consumption of flith by 
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alge, &c. — all of which are more concerned with alterations of chemical com- 
position — ^must be added the influence of sunlight in diminishing the number of 
bacteria. A critical review of tlie most important labours and researches per- 
formed in respect of the self-p'unfication of nvers is given by E. Duolatjx (Y ) 
All the pathogenic Sckizomycetes seem tc^ succumb under the influence of sun- 
light. This has been shown by Arlomg and Ward in respect of Baallus anihi aoia, 
QaiUard for B, typhi ahdominalisj Pansini for Vihio cholercB as^aticcs and a 



Fio 29 — Thlokly-Bowu plate culture of typhus hooilll on agar-agar Covered with 
paper letters and e'cx>OBed to the sun's rays for i J hours, then kept twenty-four 
honrs In the dark, whereupon development of thickly congregated whitish 
colonies was found only at the parts covered hy the letters ijjter H B^ichner ) 

Nat size 

fungus giving rise to white pus in wounds {Staphyhcocous pyogenes alhus ) , 
Ohmibewski for the organism which induces the formation of yellow pus (aS^^ 
pyojenss aureus)^ and the bacillus of erysipelas [Streptococcus wysipelalxs') , Rob. 
Koch for Bamllus tuberculosis, Oharrin for the organism producing swine- 
erysipelas ; and others Most of the non-pathogenic fission fungi also succumb 
to the influence of light. Galeotti (I ) arranged a number of chromogenic 
species in the following descending series, the first member of which resists the 
^^used daylight the longest Bacillus 7*uher, Micrococcus pn'odigiosuSj 
Sarcvnu rosea. Bacillus violaceus, B pyooyaneus, B lactis eryihrogenes A ccordmg 
to the- researches of Grotenpelt (I.), the last-named fission fungus does not 
produce red colouring matter at all when strongly illuminated. R. Dubois (I.) 
ascertained that the luminous bacterium, Photohactenvm sa^cophthmif found on 
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spontaneously phosphorescent flesh, tempoi-aiil^ loses ns light-producing power 
on prolonged exposure in a light room. 

• Great differences in susceptibihty to sunshine are also exhibited in the 
Schizomycetes. At the extreme end of the series stand the purple bacteria, 
examined more closely by Engelmann, which always seek out the more highly 
illuminated positions. One of the species was named by Engelmann (I ) Bactefnvmi 
'pJhotOTMl/nmm, on account of its variable susceptibihty to the colours of the 
spectrum and degrees of brightness. These organisms, which will he fully noticed 
in a subsequent chapter, also display the phenomenon known as movement of 
alarm If a microscopic preparation containing one of them in large numbers 
be illuminated in such a manner that the light rays can fall only on one sharply 
defined portion, then all the roving bacteria collect within this space and bustle 
about briskly therein. If now one of them in its onward career passes beyond the 
circle of illumination into the dai'k portion, it stops instantly, and then returns 
by the same road into the illuminated field. This is the phenomenen of the 
movement of alarm Consequently each sharply defined illuminated portion of 
the field acts as a trap for the bacteria, from which they cannot escape until the 
illumination has been altered. If a definite form be given to this trap, such, for 
instance, as the shape of a W, and the closely congregated cells be fixed and 
stained in this position, then a so-called bacterial photogram — i.e. a coloured 
picture of the trap, composed of the organisms themselves — is obtained 

§ 63.— Influence of Mechanical Shock. 

The first to inquire whether the vitality of lower organisms can be influenced 
by agitation was A Horvath (I.) m 1878. He made his observations with 
bacteria because he assumed that, on account of their small size, the possibility of 
mechanical injury (rupture) due to agitation would, in the case of these organisms, 
be reduced to a minimum. On gently agitating bacterial cultures (m Cohn’s 
nutrient solution) he was unable to detect the manifestation of any retarding 
influence on the growth of the organism The results were, however, different 
when the sample was made to undergo, by means of a shaking machine, about a 
hundred movements — in a direct line and of on amphtude of about 1 o inches 
(25 cm) — per minute. This treatment for a period of twenty-four consecutive 
hours dimmished the reproduction of the bacteria in question ; and when continued 
for forty-eight hours the agitation proved fatal On the basis of his researches 
Horvath formulated the opinion that “ for the development of the living organism, 
or the physiological reproduction of the elements constituting the organism, a 
certain degree of repose is necessary,” meaning thereby that rest mainly favours, 
whereas movement injures, reproduction This generalisation was opposed by 
NlGBLi (II ) and E. Oh Hansen, the former of whom drew attention more 
particularly to the reproduction of alges living beneath large waterfalls and 
exposed to much more violent agitation than was effected by Horvath’s shaking 
apparatus 

In 1879 E Hansen (I ) instituted experiments in order to test Horvath's 
assertions Working with beer yeast (i e not bacteria), he ascertained that this 
organism developed better when the hquid (beer wort) was set in motion by stirrers 
The probability of this favourable influence of movement being due to aeration is, 
according to Hansen, inadmissible, this latter effect having been but slight. 

A year later the question was taken up by J Reinke (I ) An objection 
raised by NJLgeli (II) led him to try the effects of movements more nearly 
approximating in amplitude to molecular movements than were those produced 
in Horvath’s experiments. To this end he made use of sound waves, the end of 
a metal rod, caused to emit sound by friction, being immersed m a glass filled 
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with Oohu’s nutrient solution containing bacteria, and thereby transmitting the 
wave-motion to the liquid The experiments showed that a considerable restric- 
tion, but not cessation, of growth occurred. From this Reinke concluded that “ if ^ 
it be assumed that the molecules of living protoplasm are endowed with epeafio 
vibratory movements, the idea appears feasible that when those specific molecular 
vibrations are crossed by other molecular motions of external ongin, the vital 
functions of the protoplasm will be weakened ” 

The labours subsequently made pubhc by L Tumas, 0 Roser, H Buchner, 

H. Cramer, H Miquel, H Leone, A. Gartner, B. Schmidt, and others, did not 
produce anything having a material bearmg on this question. A treatise by 
H. Russell (I.), who workediwith Monilmccmdida^ Sacckiwomyces mycod&'ma^ and 
OtdA.um olhicxmM^ and found that the form and dimensions of the cells are but 
httle altered by agitation, and that the percentage of germs in agitated samples 
IS almost double that in samples left at rest for the purpose of comparison, is, 
however, worthy of mention 

The results appear to contradict one another. It should, howevei’, be re- 
membered that the expeninenters who obtamed favourable results with agitation 
8ub3ected their cultures to comparatively gentle movements, whereas the motion 
set up by Horvath was violent and prolonged The conditions of his experiment 
were fii'st repeated by S Meltzee (I ) in 1891, who worked chiefly with Bacillus 
megatheriwm He made numerous experiments, but we will only draw attention 
to those that gave results in advance of those previously obtamed. A New York 
mineral water works placed at Meltzer’s disposal their agitator, with which appa- 
ratus he was enabled to subject the test samples to 180 reversed movements — 
of an amplitude of 1 5J inches (40 cm ) — per mmute. The flasks employed weie 
only one-third full. Meltzer found that the number of germs (ascevtamed by the 
plate method) in the agitated example m no instance amounted to as much as 
one-tenth of those in the unshaken check samples , and was, in fact, almost in- 
variably smaller than at the commencement of the experiment The restriction 
of reproduction thus indicated increased with the duration of the treatment, so 
that by this means the liquid could be completely freed from germs The effect 
was even more powerful when sterilised glass beads were added before commenc- 
ing the operation, the complete annihilation of the geims being accomplished 
under these conditions by ten hours’ agitation In addition to B mtgaiKcnvm,^ 
Meltzer also included a micrococcus (presumably M radiaius^ Flugge) and a 
short motile bacillus {albvs ? ) in the scope of his mvestigations A difierence in 
the degree of resistance to this kind of inhibition is inherent in these organisms, 
since it was found possible to successively eliminate each form from a mixture of 
the three species. B megcutJie^i'vum^ as the most susceptible, disappeared first, and 
was followed, m order, by Mxcrococ&us ra&iaius and BaciUiis alhus The cells were, 
as a result of the shaking, split up, not into visible ddbris, but into an indistin- 
guishable fine powder, a circumstance showing that the destruction of the vitality 
of the cell was not the result of a coarse mechanical disruption, but was due to a 
much more refined process , as was, m faci, shown by the further researches 
made by the same observer He left several flasks containmg cultures of B, mega-- 
ikemum or B. suhtdia m solutions of common salt, to stand for several days in the 
engine-house of a lEirge New York brewery, wherem, m consequence of the unin- 
terrupted working of the engine, an incessant vibration was produced throughout 
the room After four days all the germs in the several flasks were dead, whilst 
energetic reproduction had proceeded m the check samples placed in a quiet spot. 
Consequently, not only violent shocks, but also minute vibrations, eiiibib the 
power of retarding the growth of bacteria, and even killing the organism 

Motion may, however, also exert a favourable influence, and especially when it 
18 comparatively weak, reproduction being thereby accelerated, as has been more 
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particularly demonstrated in the case of B Q*ibber. Meltzer therefore arrived 
at the following conclusions Slight concussion favours the vitality of micro- 
organisms and has a stimulative effect, the rate of reproduction being higheht 
when the optimum of vibration is obtained ; but from this point onwards the 
restrictive effects of concussion become manifest. The constants of optimum and 
maximum effect have different values for different organisms That degree of 
concussion which is in3urious for one species may be favourable to a second, and 
without any appreciable effect on a third. This explains the contradictory 
reports made by the pioneers in this field, each of whom experimented on different 
organisms. 

The influence of gravity on the direction of giowbh, which comes into play 
in the higher plants, and the effects of which are known in Vegetable Physiology 
as geotropism, has also been observed in the Schizomi/cetea, Bovoe and Evans 
(I ) found that vertically disposed puncture-cultures of Bacter'iicm Zopfii in 
nutrient gelatin arranged themselves in the form of a feather, and in such a 
manner that the individual rays grew m a slanting upward direction. "When 
the tubes containing the cultuies were placed radially on a rapidly-revolving 
horizontal glass disc, the vegetation then developing assumed an appearance 
coiTesponding to that already described, the individual rays, which extended 
from the axis of the puncture, formed acute angles theiewith, the apertures of 
which V'ere reflected towards the centre of the disc This species therefore 
exhibits negative geotropism. Bevehinok (III ) — erroneously, as the author 
conceives — ^has denied this fact 

The lower fungi generally, and bacteria in particular, remain, within wide 
limits, unaffected by high gaseous pressure Thus, Schaffer and Freudenreioh 
(I.) and others have inoculated samples of milk with different bacteria (those of 
anthrax and typhus among them), and then exposed them for seven days to 
carbon dioxide at a pressure of fifty atmospheres, without being able to cause 
any appreciable injury to the organisms. Similar behaviour was also observed 
with oxygen under a pressure of twenty-one atmospheres, prolonged foi a week. 
There is, therefore, no reason for hoping that liquids which are injuriously 
affected by heat can be sterilised in the cold by the aid of gas (OOg, 0 , air) 
under high piessure. For exhaustive experiments on the influence of high 
gaseous pressure on living creatui'es generally, and the pathogenic SohizoTiiycetea 
in particular, we are indebted to Paul Bert. 
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CHAPTER VIII. 


BACTERIA IN THEIR RELATION TO ONE ANOTHER. 

§ 64.— Symbiosis, Metabiosis, Antag*onism. 

It ia only in exceptional cases that a sample of a natural liquid contains but 
a single species of micro-organism when in a state of fermentation. Nearly 
always we have to deal with a mixture of several species, the separation of which 
one from another, and the reproduction of the isolated individuals, is termed 
pure cultivation. A liquid or solid nutrient medium inhabited by a single 
species 18 called a pure culture, the methods of piepanng which will be considered 
in the next section 

When two or more species are simultaiieomly engaged in the consumption 
of a given nutrient medium, their association is teimed Symbiosis. A couple 
of examples will serve to make this clear, one of them being the Kephir 
granules, which will be described in a later chapter. These granules chiefly 
contain two classes of organisms, lactic acid bacteria and yeasts ; and when intro- 
duced into milk the fission fungi generate acidity, whilst the yeasts decompose a 
portion of the milk-sugar and produce alcohol and carbon dioxide. In this way 
an acid, foaming liquor known as “kephir” is obtained. A second, cognate 
example is afforded by the ginger-beer yeast, mvestigated by Ward (II.)? and 
used in England for making gmger-beer. This is another instance of symbiosis, 
viz , the association of Saccharomycea x^ymfoimia with ^fission fungus, Baciei'%vmi 
'oermifm'ma, the latter of which— as is described in chapter xxv —induces lactic 
fermentation in (spiced) cane-sugar solutions 

The mutual relation of two or more species contained in the same culture 
may, however, be such that the one species, by the exercise of its vital functions, 
renders the nutrient medium suitable for the growth of the second species. This 
prepai-atory function of the one species may consist either in the absorption and 
e^ination of certain constituents of the medium which retard the development 
cff the other species, or in the excretion of certain products otherwise lacking in 
^e m^ium, and either indispenhable or highly favourable to the other organism. 
This of depend^ce was styled by GAHui (I.) Metabiosis, an excellent 
afforded by the decomposition set up m natural wine-must 
it this be allowed to stand in an open vessel as soon as it comes from the press 
a decomposition characterised as alcoholic fermentation rapidly sets in The 
skin of the ^ape is the habitat of an abundant flora of fungi, which are’ intro- 
duced into the must m the operation of pressing. Of these (exceptional mstancef 
apart), the organism exciting alcohohc fermentation is the first to develon 
because the co^titution of the must favours it the most, the result being thal 
the sugai^erem contamed i 8 split up, and carbon dioxide and alcohol are pro- 
duced. men this decomposition is effected, the character of the liquid hae 
become changed, and now a new species, exciting acetic fermentation, comes intc 
play. This org^ism was ^eady present in the must, but could not make head 

^ t ^ place, the alcohS 

■wit^ut wkoh it feeds but mdifferently, was laokmg. Secondly even had thi 
substance been present, lUould not have^been utilised, because I the atmospher- 
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of carbon dioxide, immediately above the liquid, preventing the free access to the 
latter of the copious supply of oxygen without which the oxidation of the alcohol 
cannot proceed Kow, however, that both substances are present, the liquid 
commences to undergo a second alteration, and turns sour, the acetic acid bac- 
teria being now on the surface , and this condition endures so long as there is 
any alcohol left. When this is exhausted, a third group of organisms comes 
to the front, thread fungi estabhsh themselves m the strongly acid liqmd and 
consume the acetic acid, carbon dioxide and water being found. This accom- 
plished, the once again altered nutnent medium is attacked by putrefactive 
bacteria, which have been carried into the vessel along with the dust m the 
atmosphere, but can only develop now that the alcohol and acid, which are 
poisonous to them, are wanting The hquid is seized upon by these Schizomycetea^ 
and, with their activity, the series ot metabiotio phenomena which the wine-must 
presents to our notice closes. 

The mutual mfluence of two or more species may be of such a nature that it 
is impossible for them to live together, the presence of the one species retarding 
the development of the other This set of conditions is termed antagonism, a 
number of examples of which will be given m subsequent sections. 

§ 65.— Mixed Cultures. 

When a nutrient medium is inoculated with two or more species of symbiotic 
organisms, we obtam a mixed culture. Such a culture may, under certain oir- 
cumstances, yield fermentation products that cannot be obtained from any of 
the component species cultivated smgly, but owe their origin partly to the 
coalescence of the normal products of the individual species, and partly to the 
reciprocal stimulative action exerted by the associated orgamsms. A few highly 
instructive examples of this are given below. 

The first of these — which was discovered by Nencke (I.) — is afforded by the 
bacillus of symptomatic anthrax {Rausohhrand) and M%crococ(yii8 ax/id/i pa/ralactvyi. 
Fuller information concermng the individual behaviour of these two S^izomyoetea 
will be found in subsequent paragraphs, which we will here anticipate in respect 
of the fact now coming under consideration, viz., that the first-named bacillus 
yields, in nutnent solutions containing cane-sugar, the following fermentation 
products : hydrogen, carbon dioxide, normal butyric acid, and mactive lactic 
acid. On the other hand, M%<yrococcu8 acidi pa/ralactic^i forms, almost exclusively, 
optically active paralactic acid, and that, too, m a quantity almost identical with 
the theoretical yield from the sugar elunmated If, now, both these orga ni s ms 
be cultivated together in the nutnent solution aforesaid, fermentation proceeds 
much more rapidly, and the final products consist not only of the already men- 
tioned substances (yielded by the organisms singly), hut also of a large amount 
of normal butyl-alcohol. This substance, therefore, owes its production m this 
case to the co-operation of two species of bacteria, neither of which singly is 
capable of such power 

Interesting as thifi fact, that rienjo fermentation products can be formed by 
the association of organisms, may be, the following one, which was first estab- 
lished by Bueei and Stutzer (I.), is so in a still greater degree. In this case 
two organisms are concerned, neither of which is capable singly of hberating 
nitiogen from mtrates , but, when acting conjomtly, they decompose the same 
nutrient medium with violent disengagements of gas. The one organism is the» 
Bacteriwm ooh commv/ne^ already mentioned, and very abundant m human faeces 
and that of domestic animals, whilst the second microbe was named by the 
above-named naturalists Bacillus demVnfica/ns I, A bouillon containing three 
grains of sodium mtrate per htre, inoculated with koth these organisms and 
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then maintained at 32° 0 , began to disengage gas in a short time, the nitric 
acid in the nitrate being reduced to nitrogen so completely that, even at the end 
of forty-eight hours, the extremely delicate test with di-phenylamine-sulphurio 
acid gave only negative results. 

Apart from the purely scientific interest excited by these facts, new vistas 
are also opened up in a practical sense. Up to the present, investigators have 
contented themselves with the examination of the transformation products 
resulting from the pure cultivation of single species of bacteria. In future 
researches, however, the question whether or not a species can be spurred on to 
more extended activity by the collaboration of a second, so as to give rise to the 
development of powers which without such stimulant, would remain unobserved 
and unutilised, cannot be neglected. 

This claim is not restricted to the domain of schizomycetic fermentation, 
but applies also to the ferments of the Eumycetes class. The mode of action 
exhibited by mixed cultures of different species of yeasts is of gi’eat importance 
m brewery and distillery practice. In this connection we are dready in posses- 
sion of several studies by E. Oh Hansen and others, the results of which will be 
considered in a subsequent section. 



CHAPTER IX. 


CLASSIFICATION OF THE BACTERIA. 

§ 66.— First Attempt by 0. F. Muller. 

It has already been mentioiied in the Introduction (§ 2) that Leeuwenhoek 
observed bacteria as far back as the end of the seventeenth century. For a loDg 
time, however, nothing more was done than merely to admire the appearance 
presented by these organisms under the microscope ; and since many of them 
were observed to exhibit brisk movements, they were considered as animals and 
denominated ammalcula. 

The first to study these organisms from a scientific standpoint, and to 
arrange and systematise the multitude of forma, some of which were already 
known, while olheis were discovered and described by himself, was the Danish 
investigator Otto Friedrich Muller of Copenhagen. In his important work 
“AnunaJcula infusoria fluviatilia et marina,*' published in 1786, all the small 
animals unsuitable for inclusion in Linnaeus’s sixth class, V&i'Tnee, were classed by 
him under the name of Infusoria (infusion animalculce), and he divided these 
into two main groups : those provided with external organs and those devoid 
of same. He also originated the generic names Vihrio^ Monas^ and Froteus, 
still m use. 

The hext worker to whom we are mdebted for important conclusions respect- 
ing the character and species of bacteria is Christian G Ehrenberg In his 
woik “ Die Infusionstierohen als vollkommene Organismen ” (The Infusoria as 
Perfect Organisms), published m 1838, the generic names Bact&i'ium, Spirochcete^ 
and Spinllvm first occur. He also classed all these organisms with the animal 
kingdom, by reason of their (frequently very active) spontaneous motion. 

It was left to the Breslau botamst Ferdinand Cohn (Y.) to asceitam, in 
^853, that the organisms we now know as bacteria are of a vegetable nature 
This he established by proving the lack of animal orgamsation, and also from 
the fact that these creatures increase by subdivision after the manner of the 
algse, from which they differ, as he says, merely in one characteristic the 
absence of chlorophyll. Four years later NAoelt (Y) bestowed on these 
orgamsms the name of Sohizomycetes, which they still retain 

§ 67.— Cohn’s Classification. 

The first point was to bring the confusion of forms into order. What 
characteristic should be taken as a guide thereto? Were there several at 
disposal on which one could rely? These questions Cohn (I.) may well have 
asked himself when, in 1872, he felt himself impelled to attempt a classification 
of the bacteria, and finally thought his object attained by the foUowmg 
system ; 

I. Sphcerdbaotenaj globule bacteria 
Genus i Mioroooocua 

II MiorohaoUrm^ short rod bacteria. 

Genus 2 * Baotenum, • 
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III. J)emobacteTm, thread (long rod) bactena. 

Genus 3 BcmWalb, 

Genus 4 . Vibrvo, 

rV. SpirdbacteHa^ spiral bacteria. 

Genus 5 SpvrillAm, 

Genus 6 SpvrocihcsU 

The sarcina organisms have no place in this system, because Oohn did not 
consider them as belonging to the fission fungi. 

As maybe seen, the basis of classification employed was the form of the cells, 
i e, their form of growth. However, since methods of pure culture were then 
undiscovered, the diagnosis of the individual species was as yet impracticable, 
and the question whether the form of the cells in each species is definite and 
unchangeable was, in particular, still unsolved. The answer to this question is, 
nevertheless, of vital importance to the Oohn system, and, if negative, causes it 
to break down (as was subsequently the case) The weakness of the system was 
recognised by Oohn himself, and he particularly stated that his classification was 
only a provisional one. A number of over-zealous disciples, however, overlooked 
this reservation, and, by degrees, expounded the system as meaning that each 
separate species has a single well-defined and invariable cell form, the one 
species appearing only as short rods, the second only as cocci, and so on This 
constitutes the theory of constant form, also known as Monomorphism. 

§ 6S.— Billroth’s Coccobaeteria Septica. 

The exaggeration resulting from the misapprehension of Oohn’s attempt at 
classification soon brought about a corresponding reaction. In proportion as 
assiduous microscopic research revealed the certainty that bactena do undergo 
changes of form, so the hasty assumption of monomorphism of species had to be 
given up In 1852, Peuty (I.) had already observed a short-rod bacterium, 
which, on account of its faculty ot changing into the thread form, he named 
Meiallactej\ Twenty-one years later Lankesteb (I ) studied a species of red- 
coloured bacterium, named by him Bacterium ruhescens^ and observed that, under 
vaned conditions of cultivation, its cells underwent different modifications of 
form — an observation which led him to deny that specific constancy of form 
existed. He would thereby have anticipated subsequent decisions had the basis 
on which he relied proved free from objection. This was, however, unfortunately 
not the case, and, indeed, such a condition was at that tune unattainable owing 
to the lack of irreproachable and reliable methods of cultivation, without which, 
and the resulting pure cultures, the problem in question cannot be solved. A 
culture intended for modification experiments may, when examined under the 
microscope, present a perfectly uniform appearance, and nevertheless contain a 
few unnoticed individuals of another species, which by their rapid increase when 
transferred to amedium favourable for their development may lead to the erroneous 
supposition that a second and modified form of growth has been produced By 
another re-inoculation a third species may be brought into prominence, and so 
forth. 

A very instructive example of the possibility of similar self-deception is 
afforded by Lister's (I.) striking experiment. He allowed ordinary milk to 
become sour spontaneously, and then introduced a drop of the hquid into boiled 
milk, beet-extract, and into unne' from thence into Pasteur's nutrient solution ; 
thence into urine again ; and finally back again into milk. Binding, then, that 
from identical sowings differently shaped cells made their appearance in the 
various media, he concluded that be had to do with so many changes of form of 
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one and the same organism, which, on account of its origin, he named Bact&i'iwm 
laotia^ 

It must not be understood that similar errors were confined to the island of 
Britain ; on the contrary, they attained their culmination on the Continent in 
the assumptions of Hallier (I ) concerning the metamorphosis of one fungus 
into another. It need, then fore, be small matter for surprise that the Austrian 
surgeon Th. Billroth (I ), in a comprehensive work published in 1874, not only 
attributed all infectious diseases to the agency of a siTigle species ot bacterium, 
susceptible of multiform modifications, but also considered all known bacteria 
generally as vegetation forms of this one species, viz., Goccobacteria septica This 
observer was supported by the botanist Nageli (VI ), in so far that the latter 
declared that no necessity existed for the division of the bacteria even into only 
two specifically different forms. This opinion he still maintained in 1882, not- 
withstanding the appearance in the mtenm of a work by Cohn containing a 
number of fresh data calculated to complete and support the theory of difference 
of species m bacteria. This treatise has already been mentioned in § 24, because 
its author upheld the relationship of the fission fungi to fission alg© and advocated 
their collection into one group, Sclazophytes, As at present, however, we are not 
concerned with the relationship of the Schizomycetes to other organisms, but with 
the separation of the former into genera, we must confine ourselves to remarking 
that the new classification in the said treatise rested too exclusively on morpho- 
logical characters to be of practical value. 






§ 69.— De Bary and Hueppe’s Classification. 

Gradually an accumulation of facts arose which afforded a basis whereon a 
new system of grouping the fission fungi was attempted. Differentiation based 
on cell form only was still considered justifiable up to 1878, but could no longer 
be maintained in the face 
of incontrovertible observa- 
tions made, in the course of 
the following years, with 
absolutely pure cultures of 
various species of bacteria, 
and all leading to the same 
conclusion, that mutability, 

1 e modification of form, 
unquestionably does occur 
in the fission fungi. This 
knowledge is the result of 
various researches, amongst 
which may be mentioned 
in 1879, that of E. Oh. 

Hansen (II ) on Bacterium 
aceti and B Paatefu/namum , 
in 1882 those of W 
Zopp (ITI ) on Bactenifm 
mensmopedioidea (Fig 30), 
and by H. Buohner (VI 4 
on Bamllua aubtilia; in 1883 Kurth (I ) on Bacieinum Zopfii (Fig 31), 

afterwards also examined by H Sohedtler (I ) , in 1885 that of G Hauser (I ) 
on a few species of putrefactive bacteria of the genus Proieua , and others The 
adherents of Koch at first unconditionally opposed the theory of the pleomorphism 
of bacteria ; but, not being able to sustain this vie^p in the face of the facts 


Fio 30 — Bacterium merlamopedloldeB 
Found In the mud of the river Panke (Berlin) 

A thread form breaking; np Into g long; rods , 3. short rods , 
4. coool ; 5. a chain formed of rods of different leng;ths 
[After 2 k>if) Moffn 700 
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broufflit to light, they then asserted pleomorphism to be peculiar to the non- 

pathogemo bactena Even this restricted assumption has, however, given way, 

SeeLdoubted pleomorphism was proved in 1882 by AbCHANGELski (I ) and 

Eolopp fl 1 for Baedlus anthraeis, and by Fiiedlander iov Pneumohacdlus 33) , 
in 1882 bv Th Ehlbes (I ) for the Rauschhrand baoill^ (of S3nnptomntio 
anthrax) , in 1889 by E. Metschnikopp (II.) for his newly discovOTedpathogamo 
SpirobaciUus OieiikowsHi (of Daphnia magna), and in 1892 by f 
iovBoeaius tuberculosis It may be remarked m passawii that Metschnikoll 
prefaced the report of his discovenes with a short review (well worthy or pernsai; 
of the development of the pleomorphism theory. 

At the end of the “seventies" Cohn had established beyond doubt the ability 
of certain fission fungi to produce endospoies, and thereby obtained reliable 



Frc 31 —Bacterium Zopfll, Kurtli 
Gradual chongea iu the some tliread oliserved under the mlci necopo 

A, thread without apparent artlrulatlon , B, breaking up Into lods ■wliich dually form 
cocci in 0 , o-fi ore correapoudlng cella (AJter Kurth ) Magn 740 


means of differentiation. Very soon after, De Bary showed that several of 
the species which do not form endospores protect themselves from injurious 
influences in another way, viz , by the formation of artbrospores Hence n 
classification was devised in 1883 by Yan Tieghbm (II), ■which was furtlier 
developed by De Baby (I.) and Hueppe (II ), in 1886, and in which two main 
groups were recognised, viz , the endospore' and arthrospore-fonnmg bacteria. 
The second group also comprises all the species in which the formation of repro- 
ductive cells has not yet been observed Fuller details of bins system can be 
seen in Hueppe’s treatise, but the system need not be further developed here, as 
it has not yet been generally accepted in scientific circles 

For fuller information regarding Yan Tieghem’s system, as well as for paiti- 
culars relative to the systems proposed by P. Miquel and by "Woodhead in 1891, 
which may be properly designated as diagnostic tables,” reference may be made 
to Ward’s (III ) readily accessible and comprehensive treatise The new system 
published by W. Migula (II.) in 1896 may also be simply referred to. 

In tbis connection there remains only one remark to be made, and this 
concerns the term Bacillus This word has been hitherto employed by us to 
designate only a well-defined form-phase of cell, viz , the cylindrical bacterial cell, 
the length of which is at least double the breadth Hueppe’s system, however, 
applies the generic TmuQ^acillus only to such rods as have been proved capable 
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of developing endospores This definition has not yet been accepted by the 
ma jonty of bacteriologists ; hence it happens that newly discovered rod-shaped 
Species of fission fungi are still occasionally assigned to the genus Bac%U/u 8 , 
although the describer may have no knowledge whatever as to their capability 
of forming endospores. The author has not considered it within his province to 
cbapge this nomenclature, and therefore this fact must be borne in mind in 
perusmg the present work. It should also be remembered that in the following 
paragraphs the generic name BacxLlua — Hueppe’s definition notwithstanding — 
means nothing more than that the species of bacterium so entitled exhihiUy 
prefermticdly ani undei* normal condiUonSy the haciUua form of growth 

A comprehensive collection of the relative dimensions and forms charac- 
teristic of growth in various nutrient media, ckc., of about three hundred species 
of fission fungi was prepared by Eisenbehg (I ), and may be advantageously 
employed as an aid to determining whether any species under examination is 
identical with any known species A descriptive table of eighty- seven of the 
bacteria of most frequent occurrence in drinking and utilisable water is given 
by Adametz (I ) Reference may also be made here to the very valuable book 
of Tiemann and GIetneh (I ) in connection with the bacteriological analysis 
of water. Fuankland and Waed (I.) give a comprehensive account of the 
literature published up to the year 1882 on the bacteria occurring m natural 
and mineral waters, and a comparative investigation into the distribution of a 
number (twenty-eight) of well-known bacterial species in various well-waters has 
been made by W. MiaTTLA (HI.)* 

§ 70.— Pathog-enic, Chromogrenic, and Zymogenic Bacteria. 

The attempts hitherto made to obtain a method of classification of bacteria 
have always been restricted to the morphology of the organisms themselves. It 
will now be well to remember that the attention of Applied Mycology is pre- 
ferentially directed to the influence exerted by the fungi on their nutrient 
media. The interest aroused by these organisms has always, from the outset, 
had its practical side Bearing this in mind, it will be readily conceivable that, 
long before the establishment of Oohn’s first classification, there had appeared m 
the hterature of the subject a division of bacterial species into three mam 
groups . pathogenic, chromogenic, and zymogenic bacteria 

It IS quite unuecessaty to remark that this grouping is just as faulty as the 
division of the Sclnzomycetes into cocci, bacilli, and thread bacteria Neverthe- 
less it was exceedingly convenient, as it was based on some well-marked primary 
characteristics. If the fission fungus m question excited any form of disease in 
men or animals, it was referred to the pathogenic group , if it possessed the 
faculty of producing colours, it was relegated to the category of chromogenic 
bacteria , and if it exhibited a capacity for effecting those chemical changes which 
were comprised in the term ‘‘fermentation” (§ i), it was considered as zymo- 
genic. A strict adherence to this method of partition is impracticable, because 
there are some bacteria which, on account of their range of activity, would 
have to be placed m two, or even all three of these classes, A large number of 
examples could be adduced m support of this assertion; it will be sufficient 
to cite merely a single one, viz., Staphylococcus pyogenes aureus^ the cause of 
osteomyelitis (bone caries), and therefore pathogenic. However, since it also, as 
its name implies, produces a golden-yellow colouring matter, it is also chromo- 
genic , and, finally, from its power of setting up lactic fermentation in suitable 
nutrient media, it is therefore also zymogenic. 

From this example it will be evident that the domains of Pathological and 
Technical Mycology cannot be rigidly kept sepaiatS On the con ti ary, their 
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further coalescence will undoubtedly result — and that soon, we hope — m pro- 
portion as fermentation physiologists acquire a greater insight into the chemical 
changes effected by bacteria, and pathologists determine the precise action the 
bacteria exert on the organs of animals and plants. A fine, but unfortunately 
still very isolated, example of the successful combination of these two fields of 
research is afforded by the labours of L. Nenoki (I ) on the bacterium which is 
the cause both of blown ” cheeses and of inflammation of the udder m the cow. 

The distinction between chromogenic and zymogenic bacteria can also be 
further maintained, not because there is any essential reason for it, but because 
there are certain species of Schizcmiyceiee which are interesting to the technicist 
solely because they produce colouring matters. 

So far as the zymogenic bacteria, in the narrower sense of the term, are 
concerned, i,e, those either cultivated, or dreaded, on account of the chemical 
changes they produce, there is the same need for a well-established consistent 
classification as m the two groups just noticed The changes effected by 
them are expressed in terms having reference to the predominant fermenta- 
tion products , hence it is we speak of the bacteria of lactic fermentation, 
acetic fermentetion, and so on This purely practical method of classification 
will he adopted in the description about to be given. Before passing thereto it 
will, however, be necessary to consider the methods practised in the examination 
of these organisms, this knowledge being essential for the study of the organisms 
themselves. This will form the subject of the two following chapters 



SECTION III. 

PEESTOIPLES OF STERILISATION AND PURE OULTIYATION 


CHAPTER X. 

METHODS OF STERILISATION. 

§ 71.— Sterilising. 

To sterilise an object, e,g a nutrient solution, piece of apparatus, (fee , means to 
treat it in such a manner that it no longer contains any living germs, and is 
therefore sterile. 

The reader must not expect to find in the present work a detailed description 
of even the moat important of the methods of working adopted for this purpose. 
Those who have an opportunity of studjung the methods of Technical Mycology 
in a laboratory devoted to Fermentation Physiology will learn all they need 
much more speedily and intelhgibly from oral instruction than from a printed 
book. On the other hand, those who have access to the latter only will attain 
their object by the exertion of a little diligence in consulting the books referred 
to later on, and especially 

Hueppe, Ferdinand • Dv^ Methoden de/r BahuHerv-ForaGhung^ 5th edition, 1891, 
Wiesbaden ( 0 . W. Kreidel). 

Lindner, Paul MihroskopisGhe Betriehahmif/rolle in den Gdrungagewerhen^ 
1895, Berlin (P. Parey) 

In the first -named compendium the reader will find a better description than 
the present author could give of all the methods used in general Microbiology. 
The second, very useful, work treats, with great experience, a narrower field, 
wherein it will afford reliable guidance and help to the student on all matters 
relating to fermentation technology. In the newest edition (1895) of the work 
on water-analysis by Tiemanit-Gartnek (I ), already referred to (and which 
should be in every efiSicient chemical laboratory), the reader will also find 
descriptions of the most important manipulations and methods employed in 
sterilisation, pure cultivation, re-moculation, <frc. In selecting apparatus for 
installing a new laboratory for Fermentation Physiology work, the beginner 
should seek the advice of an expert, and should compare the illustrated catalogues 
of such firms as make the supply of these appliances a speciality, e,g 0 Desaga, 
of Heidelberg , Erhardt and Metzger, of Darmstadt, (fee 

It is not our purpose now to give a detailed initiation into the work of a 
fermentation physiologist's laboratory, but rather to describe, in bold outhne, 
only so much as is necessary to facilitate the object of the present work, viz., the 
study of the character and modes of action of the organisms of fermentation. 

§ 72 — Freeing the Air from Germs. 

There are two chief methods by which liquid substances and gases can be 
sterilised, viz , either by killing the germs present theAin, or by removing them 

75 
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by passing the liquid or gas through a suitable filter. The sterilisation of air on 
a large scale is effected exclusively by the latter method, the prototype of which 
was constituted by the tubes, plugged with cotton-wool, first employed by 
Schroder and Dusoh. The air is therefore passed through a cotton-wool filter, 
a& it is termed, such a one being used, for example, to purify the air admitted 
to, the sterilised wort in an apparatus tor the pure cultivation of yeast It will 
not be out of place to lay stress on the fact that such a filter will only work 
efficiently provided it be thoroughly dry , otherwise the Eumycetea spores en- 
tangled therein will germinate and develop into long-thread cells, which will 
penetrate right through the filter and quickly form new spores, so that the air 
at the end of the filter nearest the wort is not only not freed from germs, hut is 
probably richer therein than before Attention to the air filters must, conse- 
quently, not be neglected E Oh Hansen (III ) has reported on experiments 
made by Poulsen concerning the time during which such filters continue, under 
normal conditions of practical working, to pass the aar in a germ-fiee state 
The cotton-wool plugs with which, since the time of Schroder and Busch, it 
is customary to close test-tubes, bottles, and flasks in which cultures of organisms 
or stores of nutrient media are kept, are simply small cotton-wool filters. They 
are especially brought into action when currents of air pass into the vessels ns a 
consequence of the partial vacua formed within them by a lowering of tempera- 
ture, the germs in which are retained by the plugs The efficiency of the filter 
depends on its being kept dry Its reliability is not, however, permanent, since, 
though the fission fungi are always retained, this is not the case with the spores 
of mould fungi, which are so abundantly met with m the air. These latter are 
very troublesome, as they ofLen produce much mischief even when the mycologist 
has taken the greatest care. If the room in which the cultures are kept be free 
from moisture, then the cultures dry up very rapidly, which, m order to pre- 
serve their vitahty, necessitates their being frequently re-inoculated into fresh 
media — a tedious and unpleasant task. On the other hand, if the surrounding 
air be too moist, then it not infrequently happens that the spores of the mould 
fungi on the surface of the cotton-wool stopper germinate, and the resulting 
cell threads penetrate to the other end of the plug, and there form spores, which, 
falling into the culture, contaminate and spoil it, 

^ Various remedies have been proposed to overcome this evil, one of them 
being a previously sterilised indiarubber cap, which is drawn over the mouth of 
the vessel (test-tube, *kc ) after the outer end of the stopper has been burnt away. 
This latter operation must always be performed when one begins a re- inoculation, 
since the germs resting on the surface of the cotton plug are thereby annihilated, 
and consequently prevented trom‘ falling into the culture when opened. Instead 
of the rubber cap, one can be made out of a double layer of filter-paper tied on 
Tnth a strmg , many cultures specially requiring air are covered with a cap of 
this kind only, the cotton-wool plug being dispensed with 

It IS not essential that the working layer of the filter should consist of 
cotton-wool, various other stuffs being employed for special purposes Thus, for 
example, Pasteur, in carrying out his researches (referred to m § 7) on the 
orp,nised bodies present in the atmosphere, passed the air through gun-cotton, 
Ihis was then immersed in a mixture of ether and alcohol, which dissolved out 
the mtro-cellulose and left the entrapped organisms behind, so that they could 
be more closely examined as to their size, form, and structure. This was the 
tot microbiological analysis of air OE the numerous methods since proposed 
tor t^ estumtion of the number of germs in the air, that given by Fkanklanu 
and Petri (I ) which is a successful modification of the Pasteur prototype, is 
the most suitable for the purposes of the technical mycologist. These observers 
deprive a measured qucntity of air of its germs by passage through a filter 
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charged with sterilised glass powder or sterihsed fine sand, the contents of the 
filter being then intimately mixed with a gelatinised nutrient medium, and the 
whole poured into flat glass basins The separate germs then develop into multi- 
cellular families (colonies) "When counted their number — referred to unit 
volume — gives the germ content of the air. The difficulty in the way of study- 
ing the cultures, caused by the presence of the powdered glass and sand, can be 
overcome by substituting a soluble filtering medium, such as coarsely powdered 
crystals of sodium sulphate of about o 5 mm in diameter. This is specially 
recommended by Miquel (III.), to whom (be it remarked m •pcxABant) we owe 
the most comprehensive experiments on the percentage of germs in the air 
Regular reports of his researches appear in the Year-Book (published annually 
since 1879) of the observatory established, under his direction, for studies of this 
kind, in the southernmost district of Paris. Readers are hereby referred to this 
“Annuajre de I’Observatoire de Montsouris.” The percentage of germs in the 
atmosphere of breweries was more particularly investigated by E Oh Hansen 
(II ) ; and Petri (I ) has summarised all the methods of examination proposed 
up to 1887. 

The method, originally performed by Th. Schwann, of purifying air by 
exposure to a red heat is at present used by fermentation physiologists in one 
instance only, viz , when working with the so-called Pasteur fiasks. When 
liquid is poured out of the lateral tube— whether for the purpose of taking a 
sample or for inoculating a similar flask with the contents — the air coming m in 
its place is purified by holding the aperture or the first bend of the swan-neck 
tube m the fiame, ^.6. heating it to redness. 

§ 73.— The Filtration of Drinking: Water. 

The methods of sterilising liquids are various, but are not all equally suitable 
for any given cose. For example, the employment of poisonous substances is 
precluded when the liquid to be sterilised is intended for human consumption, 
and the use of heat — which next suggests itself — ^is frequently inapplicable on 
account of the expense entailed. Such, for instance, is the case with the drinking 
water of towns deriving their supply from a river Under these circumstances 
a so-called sajid-filter is employed, the true filtering layer of which is not the 
strata of sand and gravel, but the mud which is gradually deposited thereon. 
A fuller consideration of this subject, which belongs to the domain of Practical 
Hygiene, may be passed over the more readily since it has been treated in 
Iliemann-Gartner’s work already alluded to. This may be referred to, as also a 
very practical investigation performed by A, Reinsoh (I.), bactenologicij adviser 
to the Altona Waterworks. 

The filtrate obtained from such filters intended for use on a large scale is, 
when the service is carefully regulated under bacteriological control, found to be 
.very low in germs, though not perfectly free therefrom. If it be desired to 
.attain such perfection — which is necessary in times of epidemic — other filters, of 
greater powers of retention and correspondingly diminished delivery, must be 
resorted to, and employed solely for the water intended for human consumption. 
The prototype of these is the apparatus invented by Tiegel (I ) m 1871, and 
subsequently (1884) improved, especially by Chamberland, In the form devised 
by the last-named, the effective constituent of the bacterium filter consists 
of a candle-shaped hoUow cylinder of hard-burnt, porous, unglazed porcelain 
(“ biscuit ”), with an effluent aperture at one end, which, before use, is sterilised 
by dry heat. This candle Q>ougii) is enclosed in a somewhat wider metallic 
cylinder, the liquid to be freed from germs (the suspected potable water) being 
forced into the intervening space, and, finding its way through the porous wall 
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of the caudle, collects m the interior of the latter and escapes through the 
aforesaid aperture at the bottom Fine kieselgyJir (diatomaceous earth) is 
• employed by N’oudtmejter (I ) and Berkefeld for making the candle, and Gaeeos 
(I.) uses asbestos of due fibre. The reliable working of this filter is, however, 
not illimitable, and that for two reasons* first of all, the pores become gradually 
obstructed by the fine, slimy deposits separated from the liquid, which necessi- 
tates the cleansmg of the ^ter from time to time ; secondly, the bacteria grow 
by degrees through the pores of the filter, a circumstance first observed by 
Bourquelot and Galippe. In some cases the pores of the filtering candle are too 
large; consequently, a germ-free filtrate is unobtainable For testing the 
efficiency of the filter the photo-bacteria can, according to Bbyeeinok (IV.), be 
employed with advantage. A comparison of the capacity and efficiency of the 
Ohamberland and Berkefeld systems was drawn up by (%nter alia) DaohnjJewski 
(I.), and the columns of the Gentn^alblatt fur Baktenologxe contain numerous 
articles respecting the advantages and defects of the aforesaid apparatus 
Mention should be made of the filter constructed by Breyer, which, according 
to an investigation made by Wiohmann (I.), acts satisfactorily. Plaggk (I ) 
instituted exhaustive experiments in respect of the efficiency of all the known 
water-filters designed for use on the email scale, 

§ 74.— The Bacterium Filter in the Service of Enzymology. 

In many instances the filter afifords the sole reliable means of sterilising a 
given liquid ; as, for example, when a species of bacterium is to be tested with 
regard to its capacity of producing enzymes. For this purpose it is necessary to 
free the culture, contaming any such chemically active substance, from germs, 
since otherwise it would be impossible to determine whether the chemical 
reaction obtained by means of the sample is effected by the enzyme itself, or 
primarily by the vital energy of the bacterium The sterihsation admittedly 
necessary in such case cannot be effected by heat, smce this agency would at the 
same time destroy the readily decomposable enzyme There remains, therefore, 
but one way open to us, viz., removing the germs by filtration ; and of the above- 
named apparatus (filters), therefore, there is hkewise only one that is reliable 
and suitable for use for the purpose m view, namely, that of Ohamberland. 
This is, however, unfortunately expensive, and consequently not accessible in 
every laboratory. For this reason the pattern described by A Kooh (II.), 
which is both efficient and cheap, forms a welcome substitute. 

Whichever of the two appliances be employed, it must never be forgotten that, 
in its passage through the filter, the bacterial culture under examination is not 
only deprived of germs, but may also, under certain circumstances, part with 
some of its chemical constituents, so that the equation, Filtrate = bEictenal 
culture - betctena, does not always hold good. The filtering cylinder, especially 
when used for the first tune, retains varying amounts of the mdividual consti- 
tuents of the liquid passing through it, a fact that was first recorded by FlUgge 
and SiEOTiNiN’ (I ) in 1888, and more closely examined by Aeloing (I ) m 1892 
We will, in this place, merely refer to the oxidising influence of the air, observed 
more particularly by Miquel in the separation of urase from cultures of unc- 
^ bacteria. It is therefore advisable to perform such filtering operations m an 
atmosphere of pure hydrogen. 

§ 75.— The Beep Filters 

used in the brewery must also be briefly considered here. The object of these 
appliances is to render the beer bright, i e. perfectly clear and transparent, when 
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drawn from the storage caak and sent out to the purchaser. Under normal 
conditions this clarifioation is effected in sufficient degree in the storage cask, and 
recourse should therefore be had to the filter only in such cases where, by reason 
of defective treatment or other unfavourable circumstances, a turbid lager beer is to 
be made similar to a beer of standard quality. Such was the practice in Bavana 
until a few years ago , but since the great breweries in that country began to 
cater for the export trade, they have had to conform to the tastes of their foreign 
customers, who judge the quality of beer by the eye, and would, without having 
tasted it, set it down as inferior if it were not perfectly bright. Therefore, in 
order to render it acceptable to this large and continually increasing clientUei the 
beer has to be passed through the filter The South German connoisseurs m beer, 
who judge their beverage by the flavour, raised objections, and with reason, 
since filtration causes — apart from the exception aforesaid — an uncalled-for 
depreciation of quality. This applies primarily to the chemical composition, the 
filter removing from the beer sundry mucoid substances, extremely minute in 
quantity and of as yet undetermined composition, but which, nevertheless, 
contribute to the fineness of the flavour, so that an experienced palate can 
distmguiflh with certainty between a filtered and unfiltered beer. This defect, 
regretted though it be by connoisseurs, is, however, the lesser evil when compared 
with the dangers, from a biological point of view, that are obviated by filtration. 

Two main types of beer filters are in general use The one constructed by 
Enzinger consists chiefly of a number of chambers, the walls of which are com- 
posed of perforated plates lined with thick filter-paper, specially prepared for 
the purpose, and through which the beer is forced by compressed air acting on 
the storage cask. The second type of filter, recommended for brewery work by 
Stockbeim, contains as its acting ingredient purified (and therefore tasteless) 
cellulose of a felty nature. No objection can be raised against the use of such 
appliances in exceptional cases, since by this means a cleai filtrate is obtamable 
when all other methods of clarification have failed to remedy turbidity. This 
decision must, however, be amended when it is a question of beer already in 
good condition, this latter often suffering, under such treatment, a considerable 
alteration (m certain circumstances) with regard to its flora, apart from the 
depreciation of flavour already alluded to. The filter removes the yeast 
cells, but allows the (much smaller) bacteria to slip through, so that the latter 
appear in almost their original numbers m the filtrate, where, moreover, they 
have free play, owmg to their previous competitors, the yeast cells, having been 
got rid of. This unfavourable modification m the relative condition of the two 
classes of organisms becomes especially objectionable when a filtermg material 
that has already been m use before is employed, without having been sufficiently 
purified m the interim. In this manner the filtrate can be actually enriched 
with bacteria, as the author ascertained by experiments with the Enzmger filter 
in 1894. 

Respecting the wme filter in continually extending use in cellar management, 
a full report can be perused m the handbook issued by Babo and Mach (I ). 

§ 76.— Destroying Germs by Dry Heat. 

Strictly speakmg, the term “ germ -free should be apphed only to such objects 
as have actually been devoid of germs from the beginnmg or have been brought 
into this condition by filtration In the language of bacteriological practice, 
however, it is also applied to objects wherem all the germs have been destroyed 
and are only present in a defunct condition. Hence it would be more correct to 
say that the object m question is “ free from living germs,” but this distinction, 
being practically unimportant, is not genei’fllly drawn.® 
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For the destruction of germs a number of methods are available, and may 1 
olassihed mto two principal groups the one physical and the other chemica 
Therformer may be subdivided into germ-killmg by warmth, electricity, ligh 
mechanical concussion, or, finally, by gas under high pressure. We will confii 
ourselves to the first of these five methods, the employment of the remainir 
four bemg, for the purposes of the mycologist in general and of the fermentatic 
physiologist in particular, either too costly or too cumbersome. In so far, lio'^ 
ever, as their influence is of general biological mterest, we have already reviewt 
them in the preceding section. 

On the other hand, sterilisation by heat is the method always resorted t 
unless found undesirable on other grounds. Before giving it; more detailed co 
sideratioD, we must first ascertam which group of organisms exhibits the greate 
tenacity of life and is able to longest withstand influences adverse thereto. T 1 
group alone has to be borne in mind in testing the etificany and general applic 
bility of.% method of sterilisation , since if the same is capable of destroymg t] 
organisms exhibiting the greatest power of resistance, it will certainly, and mui 
more quickly, deprive all the remaining weaker ones of life. On the other ban 
when the contrary is not proved, it must always be assumed that the object 
be sterilised is mfested with organisms of the highest resisting power. 

These hardy organisms we are already acquamted with, namely, the bacter; 
endospores, which in this respect have no equal, and can therefore be made 
serve as test objects for determining the reliability of any germ-destroying pi 
cess coming under examination It has been already stated, in § 53, that gr€ 
differences exist in the resisting powers of the spores of the various species 
bacteria , but of course we have only to take the strongest into consideratic 
According to the investigations hitherto made, these are among the non -path 
genic varieties, those species commonly known as the hay — and potato — bacil 
and among the pathogenic bacteria, the anthrax baciUi. Bearing this in mu 
Robert Kooh (I.), the eminent medical bactenologiat, employed as reagent i 
testmg the efficacy of various disinfectants spores of anthrax bacilli, which, J 
greater convenience in application, he allowed to dry on silk thieads 

The ai'ticleB of metal or glass to be sterilised are placed in a case, formed 
the plan of the drying-ovens used in chemical laboratories, wherein they 8 
heated to 150° 0 for an hour During this time no diminution of temperati 
is permissible, because if such a fall occurs, the labour will have been bestowed 
vam. Kooh and WolffhUgel (I ) have shown that there are bacterial spo’ 
that are killed only after an exposure to air at 140° 0 , for three hours. Ho 
ever, by an exposure to 150° for one hour we may be sure that all the ger 
present have been killed ; and air-filters fitted with cotton- wool (freed from f 
are also sterilised by the same treatment, the cotton- wool assuming thereby 
yellowish to brownish coloration. Both the apertures of such a filter must h^ 
been previously closed with plugs of cotton-wool, which must not be remo^ 
uniiil the filter is about to be used. It is necessary that glass articles should 
dry before they are introduced into the hot-aar sterilising apparatus, since oth 
wise they will crack. 

Small metal instruments, such as forceps and inoculating needles, as well 
the glass stoppers used for closing Pasteur flasks, can be conveniently purif 
in the flame of a Bunsen burner or spint-lamp. 

§ 77 —Destroying* Germs by Moist Heat. 

The opinion expressed m a former chapter, that the seat of the high pow 
of resistance enjoyed by bacterial spores is to be sought in their membrane 
supported by their behawmr towards the influence of warmth, in so]^f ar — as 
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been ascerbaaned by numerous experiments — that, under otherwise identical 
conditions, moist heat, e p in the form of steam, exerts a more violent action 
and kills them much sooner than dry heat at the Bams temperature. »This 
behaviour is explained by the unusually low heat-conducting power of the 
unaltered spore membrane. By the influence of moisture, however, the struc- 
ture of this protective envelope is loosened and its permeabihty to heat rays 
increased 

Although the use of moist heat may thus appear preferable to the method 
described m the preceding paragraph, it is nevertheless inapplicable in many 
special instances. For example, air-filters must be sterilised by dry heat 
alone, but when liquids have to be freed from bving germs by the aid of 
heat, then moist heat must be decided upon. This can now be employed 
in one of two ways either by boilmg the hqmd over a naked flame, or by 
exposing it to the influence of water vapour heated to a sufficiently high 
temperature. 

That every liquid can be sterilised by simple boiling at ioo° 0 . was shown by 
Hueppb (III) in 1882, the time of exposure necessary in order to secure the desired 
result with certainty being, however, very long. In this connection we may recall 
the experience of Brefeld, mentioned in § 53, according to which the killing of 
the spores of the species of hay bacillus exammed by him necessitated their 
exposure for full three hours in boilmg water. However, the nutrient solutions 
destined for the cultivation of organisms, and requiring to be sterilised anterior 
to use, must not be treated in this manner, since they would be concentrated 
too much by such prolonged boihng Such solutions are generally sterilised by 
exposure to low-pressure steam, for which purpose the so-called “ steam steriliser,” 
proposed by Ga&ky, B. Koch, and Loffler, and resembling in arrangement an 
ordinary potato-steamer, is employed. It consists principally of a high cylin- 
drical tin pot, covered over with asbestos board or felt, and fitted with two 
bottoms, the upper one, which is perforated, serving as the support for the 
vessels to be sterilised by exposure to the steam evolved by the boiling water 
below This process is known as stenlising by direct steam , it obviates the 
inconvenience arising from the evaporation of the nutrient media, and also 
prevents local overheating. The samples are surrounded on all sides by steam, 
which drives away the protecting envelope of air and raises the temperature 
uniformly throughout to that of the boiling water. This is, of course, dependent 
on the prevailing atmospheric pressure, and generally ranges between 96° and 
100° 0 A reduction of the time of exposure is not to be thought of, since here, 
as before, we have to do with a temperature of only about joo° , this must be 
particularly emphasised, since the Koch school at one time fell into error on this 
point, by promulgating the maxim that the spores of bacilh cannot withstand 
the temperature of boilmg water for more than a few minutes.” We have 
already recalled a fact controverting this, and will now cite a second example, 
given by Globig (II.), viz., that the endospores of a species of bacterium, dis- 
covered by this observer on potatoes, originatmg therefore m cultivated soil, and 
named the “potato bacillus,” resisted the influence of a current of steam at 
100° 0 . for as much as six hours This is the most powerfully resistant of all 
organisms hitherto observed 

Numerous modifications have been made in Koch’s steriliser, in accordance 
with the special purposes for which it is intended. Thus, for example, the 
water-chamber has been separated from the steam -chamber, and the steam 
mtroduced into the latter from above This pattern is specially preferred in 
the case of the large apparatus employed tor disinfecting m valid s’ linen, 
hospital bedding, and the hke Headers desirous of obtaining full information 
on this point are referred to a treatise by DuNCEiB (I ), who subjected a 
I p 
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number of steam-disinfeotors to a careful examination. The simple and 

inexpensive form described above is sufficient for the purposes of the fermenta- 

tion physiologist. , , « , 

In the fermentation industries the method of destroying germs by steam m 
highly prized on account of its convenience and efficacy. In breweries, for 
instance, all the piping is steamed out, as also the wort cooler, and so on. The 
Enzmger filter, however, cannot be treated in this way, owing to the softening 
action of moist heat on the filter paper. 

The duration of exposure requisite for the destruction of germs by moist heat 
can be considerably shortened by employing supersaturated high-pressure steam. 
If, for example, the steam be used at a temperature of 120^ 0 . (corresponding 
to an extra-pressure of one atmosphere), an exposure of twenty minutes suffices 
for stenhsing liquids up to 5^ c c. in volume with certainty. For larger 
quantities a correapondmg additional exposure at 120° 0. (five to ten minutes) 
is given. The use of supersaturated high-pressure steam is attended with much 
smaller outlay, but requires a strongly built autoclave. Laboratories already 
possessing such an apparatus — which is required, for example, in the determina- 
tion of starch in cereals, &c. — can also employ it to advantage for sterilising. 
In many mstaiices, too, a method of this kind is advisable, not only on account 
of the saving m fuel, hut also by reason of the fact that the chemical com- 
position and nutritive quality of the liquid to be sterilised are less impaired 
by fifteen minutes’ exposure to 120° than by three hours’ exposure in the Koch 
apparatus. 

On the other hand, there are liquids which are so readily decomposed that 
neither of the above methods of treatment can be thought of An example of 
these is afforded by the medium so frequently employed in mycological labora- 
tories under the name of nutrient gelatin , a solution of bouillon, wort, <kc , 
oontonung 8-10 per cent, of gelatin. This mixture, which sets at the ordinary 
temperature of a room to the consistency of soft glue, and liquefies at about 
25® O., would lose its property of setting if exposed to such degrees of heat, and 
would thereby become useless. In such oases another method of killing the 
germs must be employed — namely, that first proposed by Tyndall, and knowr 
as — 

§ 78.— Intermittent Sterilisation. 

The powerful methods hitherto described have been considered necessary, fo 
the sole reason that the sample to be sterilised had to be regarded as presumabl; 
containing highly resistant bacterial spores. In the absence of such forms, th 
object in view is attainable by much milder means, and the liquids, (fee., to b 
sterilised can be converted into this more favourable condition by causing th 
spores (po&aibly present therein) to germinate. It then becomes a much, easie 
task to deal with the resulting vegetative forms, smee these latter perish a 
temperatures below 100° 0 , and therefore so much the more certainly in 
current of steam For this reason then the sample to be stenlised- — which, € 
before, is supposed to contain the most highly resistant types of bacterial spore 
in addition to the comparatively feeble vegetative forms — is exposed at first to 
temperature of 100° 0 . in the Koch steriliser fur a short time The duratk 
of his first treatment depends on the volume of liquid m the individual sample 
For flasks containing a charge of 10-15 each, fifteen minutes will suffice 
larger quantities warm through more slowly, and must be left in the steamer 
a correspondmgly longer time, In every case the liquid should remain at 
temperature of 100® 0 for about fifteen mmutes. By this treatment only t] 
vegetative forms and weaker spores are killed, and the next step is to ensu 
that the still living spores germinate, which is generally effected by simp 
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leaving the samples to stand at room temperature. At the end of twenty-four 
hours the first treatment in the steamer is repeated, whereby the vegetative 
forms that have in the meantime developed from the spores are killed. It 
being, however, possible that, owing to the known irregularity of germination, 
some of the spores have not developed, the samples are again left at rest for a 
day, and thereafter steamed a third time to kill the residual cells proceeding 
from these tardy spores. The medium, hqoid, (fee., will in this manner be 
entirely freed from living germs without havmg been subjected to mjm-y from 
over-prolonged or excessive heating. This method is known as the mtermittent 
process of sterilisation, and is the only one m use for the preparation of nutrient 
meatquice gelatin. The success of this method of killmg germs depends on thA 
whole of the spores being caused to germinate. Now we know, from statements 
already made, that there are certam species of bacteria which will only develop 
under high temperatures, and for whose germination the temperature of the air 
of a laboratory is therefore insufficiently high. On this account it will be 
evident that, under certain circumstances, the samples will have to be left to 
stand at high temperatures. Since, however, these temperatures will, on the 
other hand, retard the development of the spores of such species as thrive only 
at low temperatures, it is therefore impossible to neglect either consideration. 
The samples must, consequently, be kept for a certain time at room temperature, 
and for another interval at higher temperatures. In no case, however, must 
this be relied on without further examination, but it must be laid down as a 
yundemenidL nde of conduct^ that any nutrient medium apparently rendered 
sterile by fractional stenlihation, may only be considered as actually sterile, and 
if used as such, when it is found that after a short storage, following the above 
treatment, no spontaneous development has taken place. This regulation, 
urgently necessitated by reason of the insecurity of the sterilising process in 
question, must not be neglected Nevertheless, if the woik is cleanly done, it 
will seldom be found necessary to reject samples on account of insufficient 
sterilisation, since the highly resistant spores, now in question, are generally 
absent in the majority of the substances employed m the preparation of artificial 
nutnent solutions, and only creep in when the manipulations are performed 
without due care. Cultivated soil is rich in such organisms, so that if such soil 
is, by any means, introduced into these media, an unsuccessful result may readily 
ensue, as was, for mstance, observed by L Heim (II ). The occurrence of such 
spores in meat-extract is no ranty, and the remarks just made should therefore 
be recalled when such material is employed. 

It may happen that a nutrient medium, which cannot be exposed to a 
temperature of 100° 0 . without decomposing, will have to be stenlised. An 
instance of this is afforded by the solution employed m the study of unc 
fermentation, which, in addition to the nutrient substances, contains also an 
admixture of urea. This body, as is weU known, is gradually converted at 
100° 0 . (m aqueous solutions) into ammonium carbonate. In preparing a 
medium containing this amide the directions of Lbube (I.) should be fol- 
lowed, the solution of the other nutrient substances (e.^. a bouillon) being 
first treated by itself in the steamer, and the urea sterilised separately by 
beatmg it in the dry state at 106*^ 0 . for half an hour. By this treatment 
it 18 maintained unaltered, and may, when cooled, be added to the cold sterile 
bouillon. 

Under particularly favourable circumstances, exposure to a temperature much 
below 100° 0. can bring about either the complete mortification of the germs 
present m a solution, or else render them so debilitated that their further 
development is prevented, so that the liquid will remain for a long time (months 
and years) without alteration. This result is attamafte when the influence of 
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-wamtli is seconded by suitable antiseptics, substances -which we must first 
consider before noticing the combined process of sterilisation to which we are 
gradually leading up. 


§ 79.— Mineral Antiseptics. 

The substances exerting a toxic action on micro-organisms are still often 
divided into two groups those serving to annihilate the pathogenic bacteria being 
termed disinfectants , whilst the substances capable of retarding fermentation 
and putrefaction are denominated antiseptics There are, however, no good 
grounds for this distinction, since, aa we know, there are bacteria capable of 
originating both disease and fermentation 

Very exhaustive researches on the eflS.cacy of the various antiseptics are 
available. Those of il Koch (I ) were undertaken in the interest of medical 
hygiene. As in the case of other agencies mimical to bacteria, so is it m tlie case 
of toxic substances * the destruction of the life of vegetative forms of growth is 
relatively the easiest to effect, stronger means being necessary to prevent the 
germination of the endospores, and the most powerful influences of all to kill 
these latter. 

The strongest antiseptic is corrosive sublimate, or mercuric chloidcle, HgOl^ ; 
but, unfortunately, this substance cannot, for hygienic reasons, be employed in 
the fermentation industry. In the laboratory, however, the fermentation 
physiologist always keeps a stock of this reagent for disinfecting (inter alia) the 
bell glasses used for storing fresh plate cultures A sufficient quantity is also 
put m vessels containing cultures that are no longer needed, but which should 
not be placed m the hands of the cleaner until they have been killed. Again, in 
the laboratory of the chemist in large works a solution of sublimate should always 
be kept, along with materials for bandages, as being the first remedy to apply 
when the workmen are injured or wounded. In washing wounds with this 
solution, one should always be mindful of the fact that the first treatment has a 
preponderating influence m the restoration of health. The strength of solution 
employed, both in the laboratory and for this Samaritan service, is one gram 
of HgOl, per litre of distilled water Oalcareous well-water must not be used, 
and the author would recommend any chemist who cannot afford to purchase 
distilled water to prepare his stock of sublimate solution in ramy weather, using 
pure rain water for that purpose. Like moat of the salts of mercury, sublimate 
forms msoluble compounds with albummoids (e g. in the blood), and has then no 
longer any effect on bacteria. This reaction is prevented by adding 5 grams of 
sodium chloride per litre of solution, since this salt forms with the xnercunc 
chloride a double salt soluble in water. According to the researches of R. Koch, 
the spores of Bactllm anlhrads perish in an hour when immersed in this solution. 
For the prevention of their germination the presence of i port of sublimate in 
300,000 parts of water suffices. 

The earliest disinfectant employed was sulphurous acid, the use of which for 
sulphuring wine casks has been handed down from remote ages In this process, 
so-called sulphur threads are igmted and placed m the cask, being prevented from 
fallmg by the bung. These sulphur threads are strips of linen about the breadth 
of the finger, steeped in melted sulphur The germicide properties of gaseous 
sulphurous acid (sulphur dioxide) were examined by Q WolpfhUgel (I.) ; and 
G Linossier (I.) endeavoured to express in figures the relation between the 
percentage content of a solution of this dioxide and the length of exposure 
necessary to kill various germs. Hib experiments were not conducted with 
bacteria, but with Eumycetes, they are, nevertheless, given in the following 
Table ^ 
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Species. 

ratal dose of SOg in c 0 per litio foi au 
exposure lasting — 

15 uiiu. 

6 hours 

24 hoiii a 

5 days 

Beei yeast 

200 

100 

20 



Wine yeast 

100 

20 

20 

10 

Myooderma nni 

200 

100 

100 

40 

Aspergillus niger 

50 

20 

10 



With regard to the deadening of wine-must by sulphurous acid, referred to 
in § II, mention may be made of the discovery of this obseiver that 25 c.c of 
SO,j per litre sufficed not only to hinder the inception of fermentation in wine- 
must, but also to bnng it to a standstill when already in progress. The presence 
of a small quantity — by itself inert — of another mineral acid was found to 
increase the power of the sulphurous acid in a remarkable degree. The subse- 
quent fate of this latter in sulphured wine vanes a small poition combmes with 
the aldehydes, a little ^often merely a trace) of which is always present, to form 
aldehyde-sulphurous acid, a compound of agreeable odour, but the bulk is converted 
into sulphuric acid, and is then found as potassium sulphate. Several experi- 
ments in this connection have been conducted by E Ohuard and M. Jaooaiid (I.). 
Apart from the cases already mentioned, this antiseptic is not used in a gaseous 
form m fermentation industries, since it attacks the metal fittings, irntates the 
workmen s lungs, &c. It is, however, emplo}ed in oombination with lime, as 
calcium bisulphite, 0a0.2S0j.H„0 = 0a(HS0g)j, with which the fermenting 
tuns, &c , in the brewery are puiified. On the basis of his experiments on this 
point with beer yeasts and him yeasts, H. Will (I ) recommends an aqueous 
solution of this salt containing 10 grams of SO^ per litre. As the commeicial 
salt contains 70-75 giams of SO„ per litre, one pait by weight of this liquid must 
therefoie be diluted with six parts of water. 

The suitability of Piotet^s solution (hquide Fictet)—Ei mixture of 00,, and 
SO, (i i) — for disinfecting purposes has been reported upon by Db Eeciiter 
and Legros (I.). 

As a rule, the germicidal power of carbonic acid (caibon dioxide) is over- 
estimated by non-professional people The researches of Oarl Fraenkel (I ), 
confirmed by 0 Steimietz (I ), have shown that this acid has no power at all on 
certain bacteria, these latter thriving even in an atmosphere of the pure gas Other 
species are less able to stand it, and the remaining kinds, though retarded in their 
development, aie killed by it only with great difficulty The most important 
literature on the subject has been airanged by P. Frankland and Ward (I ). 
The above-mentioned fact suffices of itselt to destroy the hope that cai'bonated 
noineral waters are necessanly devoid of germs (as was assumed by Leone some 
years backj, the researches of P. Siedler (I.) having shown that this is not the 
case. The influence of this acid on the vital activity of yeast and the progress of 
alcohohc fermentation will be dealt with m the second volume. 

Chlorme, also, is not employed in the gaseous state, but as clilojide of hnm 
(calcium hypochlorite) This substance was recommended by H. Will (II.) for 
the disinfection of the sacks — made wholly or in pai't of wool — used for filtering 
oflT the “ cooler sludge” in the biewery. As these bags are rendered unusable 
by hot-watei' washing, their purification has to be eftected by a cold process. 
That cold washing does not produce the desired effect was proved by Will, who 
found the sacks to be strongly infected with bacteria ^d wild yeasts, especially 
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arouEd the stitches, a circumstance sufficient to account for the bad repute in 
which wort- and beer-droppmgs are held. Disinfection ©xpenments have, 
however, shown that these germs can be kiUed by exposure to the action- 
assisted by careful brushing— of a chloride of lime solution containing i per cent, 
of active chlorine. As good commercial chloride of hm© yields 30-35 per cent, 
of chlorine, the solution may be prepared for use by mixing 3-3^ kilos. (6 6-7 7 
lbs ) of the chloride with i hectolitre (22 gallons) of water— i e, about 5 oz. per 
gallon— stirring the mixture up frequently, and, after settlmg, pouring off the 
clear liquid from the (useless) sediment. According to K Koch, 0.2 percent 
chlorine water will kill the spores of B aniJiraoia within an hour. Exhaustive 
experiments— conducted chiefly from a medico-hygienic point of view— on the 
anti-baotenal properties of chlorine and bromine have been earned out by 
Bernhaud Fischer and B Proskauer (I.). 

Among the inorganic acids, hydrofluonc acid and its alkali salts have proved 
to be particularly poisonous to bacteria In the last few years this substance 
has, by the labours of Eflront, been utihsed in distilleries, on this head more 
detailed repoits will be given in a later section 

Boric acid, either per se or m the form of borax, is occasionally — in despite 
of prohibitory regulations — used for preserving food-stuffs {e (/, milk;. A per- 
missible and useful application of this substance may be made in the preparation 
of starch paste by employing an aqueous solution of borax as a substitute for 
water. Paste prepared m this way can be recommended, for instance, for 
affixing. the labels on wine bottles kept in store, the occurrence of the uncleanly 
formation of mould, otherwise intervening, being thereby prevented. 

The effect of ozone and hydrogen peroxide on bacteria is due to a common 
cause, viz., the decomposing power of the oxygen liberated. Accoiding to the 
determinations made by H. Sonntao (f.), ozone has only a weak germicidal 
power, but other experimenters, e,g OberdOrpper (I.) and Wyssokowit-jOH (I.), 
obtained somewhat more favourable results. According to the researches of 
OHLMtJLLER (I,), this gas acts more powerfully when it is passed, along with 
oxygen, through the culture. When the volume of the liquid amounted to 
500 c c. an ozone-content of 90 nj grms. of Og per 100 c.c of the gas was requisite 
in order to kill the germs of the spores of anthrax bacillus present. According 
to the researches of Christmas (L), the germicide power of ozone sinks to otU 
when its amount falls below o 05 per cent by volume ; so that no effect can be 
anticipated from the much lower proportion (i-io m grms. per 100 lities) of 
ozone present in the atmosphere. With regard to the purificaiion of river water 
— intended for drinking purposes — by the aid of ozone, prepared artificially on 
a large scale, an exhaustive report has been drawn up by E. vant Ermbngbm (I.). 

Owug to the great expense entailed, the utilisation of the anti-bactenal 
power of hydrogen peroxide in the service of the fermentation industry is as 
yet impracticable. The invention of a less expensive method of production 
would, however, ensure it an extensive sphere of operation, since this bacterium 
poison offers the advantage that during its action it is resolved into water and 
oxygen. When the latter has killed the organism, nothing is left of the anti- 
septic but harmless water. Great advantage might be derived from this property 
in connection with the manufacture of conserves ; but hitherto its value does 
not seem to have been sufficiently appreciated A few experiments have, how- 
ever, been made with it in connection with the freeing of drinking water from 
germs. In partial improvement on the results reported by Yan Tromp, it has 
been proved by Altbhoefer (I.) and P. Sohilow (I ) that an addition of i paiii 
per mil of HjO, to drinking water will, within twenty-four hours, be fatal to 
the common (mnoouous) water bacteria, the microbes usually present in conduit 
waters, and the organisips which produce cholera and typhus. No alteration in 
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flavour results from this application , and an injurious influence on health is 
the less likely, since the peroxide is quickly decomposed. A reduction of the 
dose below i f&r m%l would naturally interfere with the efficiency of the reaction, 
a circumstance which explains the unfavourable results obtained by other 
experimenters, reported by A. Schrohe (T.) A proposal, worthy of being 
followed up, has been made by A. Gottstein (II ). A sample of water contain- 
ing 1000 bacteria per i c.c. was found to evolve bubbles of gas at its upper edges 
fifteen minutes after the addition of H,Oj, the gas being oxygen Lberated from 
the peroxide by the activity of the microbes. Smce the extent of this evolution 
of gas fluctuates in accordance with the number of living bacteria present, this 
behaviour might perhaps be utilised in arranging a simple method for controlling 
the efficiency of water filters at frequent intervals. No appliances beyond a 
stock of hy^ogen peroxide and sterilised test-glasses would be required. Of 
course, this crude method neither could nor should be used to replace the 
examination of the efficiency of the filter by bacteriological testa, but ia intended 
for the sole purpose of enabling the engineer in charge to convince himself, every 
quarter of an hour (or at other selected inteiwala), that the filtrate has fewer 
bacteria than the unfiltered water According to the critical researches of 
Hugo Laser (T.), the Gottstein method is not sufficiently reliable. 

MiTTr of lime is, when fresh, a fairly good disinfectant, but loses its disinfect- 
ing property as soon as the calcium hydroxide becomes converted into carbonate, 
the latter being innocuous towards many organisms, and even favourable to 
others (especially tlie acid-forming microbes) In the absence of other disinfec- 
tants tins liquid may be successfully used. According to the researches of E. 
Pfuhl (I.), it is sufficient to add two volumes thereof, and leave them to react 
for an hour, to ensure the death of the typhus bacilli and cholera bacteria in 
liquid fsecal matter L Steuber (I ) has made several experiments as to the 
influence of milk of hme on yeast-cells, and on its suitability for disinfecting 
brickwork in the brewery 

§ 80 .— Organic Antiseptics. 

The antiseptic most appreciated — next to sublimate — in surgery, viz, 
carbolic acid (Phenol, OgHjOH), which is used as a 4 per cent solution for 
washing wounds, is never employed for industrial purposes. Nevertheless, it 
merits brief mention here because the discoverer of its antiseptic action, viz , 
J. Lematre (I and II ), established the interesting fact that this constituent of 
coal-tar, whilst capable of restricting the development of organised ferments, 
leaves the efficiency of the enzymes unimpaired, a differential behaviour which 
afforded support to Pasteur in his campaign against the Liebig theory of fer- 
mentation. The toxic action of phenol on the individual species of the bacteria 
vanes, a circumstance which is utilised m the bacteriological analysis of water. 
In order to determine if the water under examination for impurities contains 
Baot&nvm coh commune^ a small quantity is, in accordance with P6r6’s sugges- 
tion, placed m bouillon containing one part of carbolic acid per mih This will 
retard the development of most of the water bacteria, but not that of B coU 
commune^ which will therefore increase in the culture, and can then be more 
readily detected by supplementary means (plate cultures). Crude carbolic acid 
is soluble with difficulty in pure water, but readily so in sulphuric acid, com- 
bining therewith to form sulpho-acids, an aqueous solution of which, under 
the name of aseptol, is employed in suigery. According to the researches of 
R Koch, the strength of aqueous carbolic acid solution requisite to prevent 
the germination of the spores of B, anihracis is i part in 850 In a 5 per cent 
solution the death of these spores is caused only after more than forty days. 
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The three succeeding higher homologues of phenol, viz., the cresols, 
OgH^.OH OH3, are also used in surgery. The so-called kreolin or creolin is a 
mixture of soap with a tar-oil, containing a small quantity of phenols (cresol, <kc ) 
and a large amount of hydrocarbons As the last are msoluble in water, a 
milky emulsion is produced by pouring creobn into thathquid Lysoland sapo- 
carbol are mixtures of soap and tar-oils containing more phenols and a smaller 
proportion of hydrocarbons than the substance lust described , both these 
mixtures will dissolve in water without producing turbidity The solubility of 
the cresols in water is slight : about 1 part per 100 aq , but can be increased 
considerably (as ascertained by Hueppe) by the presence of other substances 
Thus, when sodium cresotate is used, solveol is obtained. An alkaline aqueous 
solution of sodium-cresol will absorb a very large quantity of cresol, thereby 
forming solutol By adding to a 50-60 per cent, crude carbolic acid about 20 
per cent, of its weight of mineral oil, a mixture known as saprol is obtained, 
which IS lighter than water and floats when applied to feecal matter The 
suitability of this preparation for the continuous disinfection and deodonsation 
of the contents of cesspools and closets was tested by Sohetjelbn (I and II ) 
Mention of the foregoing seven antiseptics is only made here for the purpose of 
stating their composition as a matter of interest to the technical chemist They 
are, however, unimportant so far as fermentation industries are concerned. A 
derivative of orthocresol, viz., salicylic acid, OgH^.OH COOH, is still occasionally 
used, e p. for the preservation of jams, to aiiest the formation of mould on wine, (fee. 
The time when H. Kolbe (who held the first patent for the manufacture of this sub- 
stance on a large scale) strongly recommended its employment has long gone by. 

On the other hand, another derivative of cresol, viz , potassium orthodinitro- 
ciesol, OgHj (NOg), OH3.OK, finds extensive employment, its explosibility bemg 
entirely done away with by the use of a small addition of glycerin, soap, <fec 
The red pasty mass thus obtained is put on the market, as a patented prepara- 
tion, by the Bayer Farbenfabrik under the name of Antmonnin, this name 
bemg given to it on account of its having been first used on a large scale in 
practice in 1892, for the destruction of the “ nonnen ” {Monacha) larvee mfest- 
ing the forests of Bavaria and Wuittemberg. This paste dissolves in water in 
proportions up to 5 per cent , forming a clear solution, dark yellow in colour and 
of a soapy smell, possessing no corrosive action and attacking neither metals 
nor fabrics, but penetratmg deeply into wood and other porous substances, and 
remaining fixed therein vuthout volatJising or imparting any odour to the 
material. Reports on the applicability of this antiseptic are unanimously in its 
favour Th, Stettnek (T.), for example, has drawn up an exhaustive account 
of its usefulness in preservmg wood employed for buildmg purposes, and it 
forms a rehable means for the annihilation of the dreaded 6 rj rot in timber 
(respecting which, it may be casually remarked, a comprehensive monograph has 
been written by R Haetig (I.) ) To prevent the spreading of this fungus, aU 
the woodwork (and especially that forming the floor joists) is treated, by 
dipping or brushmg the ends to be imbedded m brickwork, with a ^ per cent, 
(i 200) solution of antmonnin. Dipping fe also recommended for preservmg 
railway sleepers and wood blocks for paving. The latter are at present steeped 
in creosotic tar, and render the streets malodorous in hot weather by the 
vapours they evolve. Antmonnin will equally counteract putrescence without 
inconveniencing the olfactory organs. Telegraph posts, fencmg, hop-poles, and 
vme-props are treated by setting the butt ends m a 0.5 to i per cent, aqueous 
solution of antmonnin for a day, whereby they will acquire great powers of 
resistance against rottmg. The packing for spaces between ceilmgs, for which 
purpose building waste is generally employed, and which is so often the 
breedmg-ground of pathogenic germs (particularly tetanus bacillus), should be 
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impregnated with this disinfe<3tant. Antmonnin is also a very suitable material 
to employ when it is a question of keeping the brickwork of a building dry and 
arresting corrosion, the cause of which latter phenomenon is probably bacterial. 
The evil may be remedied by brushing the walls with a i per cent, solution of 
antinonmn If it be desired to prevent the inception of such corrosion — as will 
be specially the case when a wall is to be decorated with fresco paintings — then 
the mortar applied dnectly to the wall should be mixed with about 5 per cent, 
of antinonmn. The walls of hospital wards, <ko , may be cheaply and reliably 
disinfected by brushing them over with a saturated (5 per cent ) solution of this 
agent. Full information concerning its successful employment in the bieweiy 
has been given by Aubry ( 1 ), who recommends its use for purifying all utensils 
not brought into direct contact with the beer The walls of the fermenting and 
storage cellars, which are frequently damp and form the habitat of mucinous 
and malodorous fungi prejudicial to the beer, may be dried and freed from 
mould by brushing them over with antinonmn solution. 

Ethyl alcohol, in an undiluted condition, behaves as a fairly powerful poison 
towards bacteria, and, accoidmg to R. Koch, will hinder the germination of the 
spores of Bacillus omthi^acis^ even when diluted with twelve times its own 
volume of water. The use of this compound — of 90-96 per cent, strength — is 
strongly recommended to the fermentation physiologist, since it possesses the 
advantage over sublimate of rapidly attacking the spores of those mould-fungi 
that coat themselves with an excretion of fatty matter, owing to which they are 
able to resist' the mfiuence of aqueous antiseptics for a long time It is advisable, 
before performing inoculations in Pasteur flasks, to wash the flasks all over with 
alcohol, more particularly the port of the lateral tube covered by the caoutchouc 
tubing, and the mouth closed by the glass stopper. The surface of the table oq 
which the inoculation is efiected should also be cleaned with alcohol of about 
50 per cent, strength 

The disinfection of the hands is, as shown in particular by FtrRBRiNaEB (I.), 
a very tedious labour when it has to be absolutely efScient. This, however, is 
necessary only in the case of surgeons, and the fermentation physiologist may 
1 est contented with simply washing them with soap and water, and finally with 
alcohol, before undertaking a delicate inoculation The latter precaution should 
in no wise be omitted before haudlmg the ends of the caoutchouc tubing of 
Pasteur fiasks The susceptibility of the difierent species of bacteria to alcohol 
is various, a few of them being able to resist it very well when dilute ; and some 
even utilise it as a source of energy, e g the acetic acid bacteria, which still 
thrive freely in presence of 10 per cent by volume of this alcohol. 

Ethyl ether is also a very powerful antiseptic, and is recommended by 
R. WoLLNY (I.) for use in sterilising by the cold process For this purpose 
the ether is added in the proportion of 10 per cent, to the liquid, and then, aftir 
the germs have been killed, removed by the air-pump. The advantage of this 
method over that of heat is that it has no effect on the albuminoids coagulable 
by the temperature of boiling water. 

Formaldehyde, also known as formol (formalin), will in the near future enjoy 
extended employment as a powerful dismfectant Many objects, such as clothing 
dyed with delicate colours, furs, &o , must not be disinfected with liquid anti- 
septics or by steam, gaseous germicides alone being suitable Among these there 
IS but httle range of choice , chlorine and sulphur dioxide not only destroy the 
germs, but also the materials to which the latter adhere ; and the only other 
resource at our disposal is m formaldehyde The antiseptic properties of this 
substance were indicated by 0 Low ( 1 .) and by Buchner and Segall (I ), and 
have smee been thoroughly investigated by Trillat (I ). Meat-broth containing 
one-twelfth part of formaldehyde per mil was found io be peifectly free from 
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germs at the end of several weeks. Aeonson (T.) found that typhus bacilli, 
Staphylococcm pyogmes aureus^ and ^ anthracis could not develop in bouillon 
containing one-twentieth part per mil of this aldehyde According to the 
researches of J. Stahl (T.) and of E van Eembngem and Sugg (I ), the spores of 
B, anthracis and those (very tenacious of life) from garden soil were killed by an 
exposure of one hour to the influence of a i per mil solution of formaldehyde, 
and a solution containing i part in 750 proved fatal to the germs in a quarter 
of an hqjir This disinfectant is therefore on a par with the strongest mineral 
(bacterium) poison, corrosive sublimate, as regards efficiency, and surpasses it in 
point of general appbcability. Moreover, unlike the mercury salt, formaldehyde 
is but ahghtly dangerous to man and the higher animals. The air may be im- 
pregnated with sufficient of the vapour for the purpose of disinfection without 
causing any greater inconvemence than coughing, which, however, soon dis- 
appears, since one quickly gets acclimatised to this reagent. Formddehyde is 
generally met with in commerce as a 40 per cent solution known as forWlin. 
TeiliiAT (II) gives a few methods for testing its strength and disinfecting 
value. — A few pads of cotton-wool or kieselguhr, (kc , are moistened with the 
liquid formalin and transFerred to a box or other receptacle, wherein the articles 
to be disinfected (clothing) are suspended, or the same are laid between linen 
cloths moistened with the liquid. By this means K B Lehmann (I.) thoroughly 
disinfected a complete suit of men^s clothing, even when infested with anthrax 
bacilli, by the aid of 30 grams (a fraction over i oz ) of formalin m twenty-four 
hours. For the preparation of formaldehyde on a small scale R Oambiee and 
A^ Broohet (I ) recommend a burner, and B. Tollens (I ) a lamp, both fed 
with methyl alcohol. In the latter apparatus a dome or cap of platinum gauze 
(2 cm. high and i cm. wide) is placed over the slightly projecting lighteci wick, 
and as soon as the gauze is red hot the flame is extinguished, whereupon the 
formation of formaldehyde goes on uninterruptedly It should not be forgotten 
that — as pointed out by A Beoohbt ([ )— this incomplete combustion of methyl 
alcohol also produces some 3 to 5 per cent of carbon monoxide. An apparatus 
constructed by Krell, and resembling the Bartbel soldering-lamp, has been 
described by A DiEunoNNi (II ), by means of which a constant current of form- 
aldehyde vapour can be produced from methyl alcohol and blown mto crannies 
and comers that require disinfecting The different degree of susceptibility 
exhibited by the various bacteria towards this poison has been utilised by E. 
SoHiLD (I. and II ) for the differentiation of typhus bacilli from the very 
similar B(Miter%um coh commune, which, in the bacteriological analysis of water 
IE both very important and difficult. The latter species develops freely in a 
bouillon containing i part of formaldehyde in 7000, whereas the former will not 
do so. Therefore, if a species of fission fungus isolated from the sample of 
wate^ and suspected to be typhus bacillus, produces turbidity m such a medium 
this behaviour shows that it is not the bacillus which causes typhus. The 
applicability of this method — which gives a negaivm characterisation — has been 
confirmed by Run. Abel (I ). The researches above noticed deal only with the 
action of formaldehyde on bacteria, but for the fermentation industry it is also 
important to know how the higher fungi, and especially the alcohol yeasts, 
^have towards ^ disinfectant In this connection it has been established by 
W. WnmisoH (I.) that yeast cells show much less susceptibility, consequently 
this aldehyde is not a suitable means for killing them. Fortunately, however 
they are readily affected by the influence of hot water vapour, chloride of hme^ 
dfc., so that there is no lack of available remedies. ’ 

The antiseptic power of iodoform, 01 , H, was studied by Beheinq (I.), with 
the result that this compound was found not to injure (kill) bacteria, except in 
the rare cases when lodme was liberated. In all other instances (which thus 
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constitute the rule), its favourable action in the healing of wounds is based 
exclusively on the counteraction of the poison produced by the pua-formiog 
bacteria, without, however, the appearance of the latter being prevented. The 
use of chloroform for disinfection is only, as a rule^ resorted to when it is desired 
to sterilise milk for use as a culture medium, m which case it is necessary to 
dispense with strong heat This will be discussed in a subsequent chapter. 

The organic acids have a fatal efOact, even in small quantities, especially on 
putrefactive bacteria. Frequent and regular use is made of this property in 
technical processes of sterilisation, as also in distillery work (“souring the 
mash ”), as will be frequently noticed in the course of the present work On 
the other hand, fairly high degrees of concentration are required for killing such 
bacteria as are themselves active producers of acid. Benzoic acid, though pro- 
hibited by law, is occasionally employed for increasing the keeping properties of 
milk This acid — even in veiy small quantities — has a very restnctive influence 
on alcoholic fermentation, and it is to this influence that the dilHculty of 
exciting fermentation in the juice of the whortleberry (Facotmum Vitis Idcea) 
is to be ascribed, considerable quantities of this acid being present therein, Maoh 
and PoKTELB (I ) having found o 64 to o 86 grm per htre. 

§ 81 —The Combined Method of Sterilisation. 

The influence exerted on micro-organisms by the substances already con- 
sidered is subject to the same fundamental law as has been established for 
physical force, viz , that the effect produced vanes with the intensity of the 
causative influence. A solution containing so large a proportion of antiseptic 
that it is capable of killing a given microbe, will, when sufiiciently diluted, have 
a merely restrictive influence on development, without, however, proving fatal. 
Proceeding farther in the same direction, a condition of dilution will be 
attained which will exert a favourable effect, stimulating the vital activity of 
the organism j and 6nally, if the degree of dilution be extended beyond this 
point, no effect will be observable. This fact was expressed by Hugo Sohulz (I ) 
in the following phrase* “Each impulse exerts on each cell an action whose 
effect on the activity of the cell is in inverse proportion to the intensity of the 
impulse A senes of researches, which confirm this law, have been made on 
microbe poisons, but it will be sufficient to simply mention two examples, viz , 
that of On Riohet (I.), treating of the bacteria of lactic fermentation, and that 
of Biernaoki (I ), which deals with alcoholic fermentation 

This law forms the basis of the theory of toxic action originated byO, L0w(II ) 
in a book tlie perusal of which is commended to the reader, and more especially 
for the complete critical digest it contains of the literature, relating to the action 
of poisons, published anterior to 1893 According to Low, the ultimate cause 
of toxicity is to be sought in the lability of the albuminoid matter of the cell 
protoplasm. The activity of the latter consists in a continuous chemical change 
of the atomic groups composing the molecule, the bi'iskness of which alteration 
is increased by slight stimuli. Larger quantities of the irritant (poison) exert 
such a strong preponderating influence on the change, that the lability of the 
plasmic albuminoid is arrested, and the life of the cell is consequently destroyed. 
Probably, then, toxic action may be the means of throwing light upon the obscure 
problem of the chemical dynamics of the cell ; J*ust as, in many other branches 
of natural philosophy, the study of disturbing influences has afforded the deepest 
insight into the normal course of phenomena 

A knowledge of the nature of toxic action — ^the progress of which depends 
more or less upon chemists obtaining a clear idea as to the constituents of the 
albuminoids — is of the greatest importance, both to Jhe study of organic life in 
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general, and to that of the pathogenic and fermentative microbes in particular. 

It IS also important, as we shall soon see, for the technique of sterilisation. 

The destruction of germs by heat m certain nutrient solutions and food-stuffig 
18 often a very difficult task, because it necessitates temperatures that damage the 
sample both as regards nutritive value and palatability . Success may, however, be 
attained by combming the influence of heat with that of poison, although the iso- 
lated action of either is incapable of killing the germs. This is the leading idea on 
which is based the process of mixed or combined sterilisation, wherein the death 
of the micro-organism is caused by the simultaneous application of two factors , 
one of which (the poison) is without influence on the chemical composition of the 
sample, whilst the other (heat) is too low to set up any injurious decomposition. 

At first sight it may seem that the pi'esence of poison restricts the application 
of the process to such cases as the sterilisation, pure and simple, of a hquid, and 
precludes its use when such liquid is intended for the cultivation of micro- 
organisms or for human consumption. On more mature deliberation, however, 
a contrary conviction will be formed 

Many of the substances named m the preceding paragraph are in themselves 
innocuous to the health of man, provided the quantity present is not too large; 
this IS particularly the case with alcohol and the organic acids, and it is precisely 
these acids that are generaUy employed for the preservation of numeious food- 
stufiGs. A fuller account of this subject will be given in a future chapter, so 
we will simply refer to it here and pass on to the consideration of the second 
question • Is the combined method also smtable for sterilising nutrient media 
intended for mycological woik? 

Let us recall the observation that has been frequently made in pievious 
pai'agraphs with reference to the behaviour of micro- oigonisms under the 
influence of physical and chemical forces. Just as a certain degree of heat is 
fatal to one species, simply retards the development of a second, is favourable to 
a third, and insufficient to allow the cells of a fourth species to grow at all — so 
given amounts of poison may be fatal to one species of organism, inert towards 
a second, and even stimulating to a third In other words, the constants of 
influence of a given poison vary with different organisms. 

We are indebted to Th Schwann (II.) for the first observations on the valua- 
tions m behaviour thus exhibited, but to Pasteue (I ) for the first practical appli- 
cation thereof. Attention has already been directed to the susceptibility of the 
puti'ef active bacteida to the influence of acids, a property of which Pasteur availed 
iumself to protect his cultures of lerments (in the restricted sense of the term) 
against injury on the part of such interlopers For example, in order to study 
acetic fermentation, he first acidified the artificial medium with acetic acid By 
means of a skilful combination of various anti-bacterial forces, properly adapted to 
each paiticular case, a given nutrient medium can be freed from germs without 
diminishing its suitability for the cultuie in view One factor of this combined 
method of sterilisation is usually heat. Many examples of this will be given m 
the course of subsequent paragraphs, so that we will now simply refer to that 
afforded by the boiling of beer- wort 

At the moment when the still unhopped wort runs from the mash-tun into 
the copper, it contains innumerable bacteria, chiefly derived from the malt. Not 
only do these survive the mashing process uninjured, but their mcrease is such 
that o 07-0.12 per cent of lactic acid is produced. The acidity of the wort is 
somewhat further increased by the addition of the hops placed m the copper 
before boilmg is commenced. But, as a consequence of the conjoint influence 
of the boiling temperature (ioo.5°-io3° C.), the lactic acid and the hops, 
the germs in the wort are — as found by G. H. Moeris (I.) — at the end of 
fifteen minutes’ boihng, partly killed and partly so far weakened that they are 
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incapable of further development, the wort is therefore practically sterile. 
Sometimes — but^ as E. Ch Hansen (III.) has shown, not always — the complete 
destruction of all the germs (absolute sterility) is attained in this way. How- 
ever, the residual living germs m the wort do not develop therein, though they 
will do so if transferred to a more favourable medium — e,g meat-broth. In this 
case we have to do with relative sterility. The rapidity of the effect is chiefly 
attributable to the influence of the hops, which, in turn, owe their germicidal 
powers to the possession of certain resinous bodies, generally known under the 
collective name of hop-resins. The chemical properties and biological effects of 
these bodies have been investigated by M. Hayduok (I ), who found three different 
resins in hops, all of which are soluble in alcohol, ether, and chloroform. One of 
these, VIZ., the brittle, tasteless y-resin, insoluble m petroleum spirit, does not 
interest us in the present instance, the germicidal properties of the hop not 
being due to its influence, but to that of the two (extremely bitter) soft resins, 
the a-reain and /3-resin. These two act powerfully on the lactic acid- and 
butyric acid bacteria, but are mnocuous towards acetic acid bacteria, sarcina, 
and higher fungi (especially yeast). The latter organisms are, however, subject 
to the influence of the boiling temperature, so that the wort is delivered m a 
sterile condition to the cooler, where it is infected anew. The attempts of all 
discerning brewmg techm cists to abolish the cooler and to effect the rapid cool- 
ing of the wort (as well as its aeration by the injection of germ-free air) m 
closed vessels fitted with refrigerating appliances, are thus easily accounted for. 
This method of procedure, which, from the fermentation physiologist^s point of 
view, is the only correct one, is, however, beset with a ditficulty as regards the 
separation of the sedimentary matter. Therefore the hot wort from the copper is 
generally allowed to stand until the sediment has subsided, the still hot goods being 
then carefully drawn off and conveyed to suitable cooling a'nd aerating apparatus. 
For a description of the latter, reference must be made to Handbooks on Brew- 
ing, three of which are recommended * that of Thausinq (I ) studies the wants 
of the practical brewer, whilst Moritz and Moauis’s (I.) work is intended for 
the brewing chemist familiar with chemistiy and microbiology, to whom it 
presents a large amount of lucid information These two books being supple- 
mentary one to the other, the student will do well to leave neither unread 
Finally, the third work, 0 J Lintner’s (I) “Handbuch der landwirtschaft- 
lichen Gewerbe,” is adapted for impartmg instruction in High Schools. 

The sterilisation of wort in Pasteur flasks — the medium moat frequently 
employed in the fermentation physiologist's laboratory — will be briefly described 
as an addendum to the preceding remarks. In order to produce a clear liquid, poor 
m precipitated albuminoids, (kc , the Pasteur flask is half filled with wort (not from 
the hop copper, but from the cooler), which will now contain numerous germs, 
several hundireda to thousands per c.c. The flask is then placed on a heated sand- 
bath and the steam evolved is allowed to escape for ten minutes — counting from the 
moment boiling begins — through the short caoutchouc tube on the lateral tube 
of the flask, whereupon the former is closed by a glass stopper previously purified 
in the flame. Then, for a further ten minutes, the steam is allowed to escape 
through the swan-neck, and the flask is left to cool, being for that purpose placed 
on a hollowed cork or a ring of millboard one inch in height. When the liquid has 
again sunk to the temperature of the room, the moisture condensed m the swan- 
neck 18 driven off by means of the gas-flame, and the neck is closed by a small plug 
of asbestos, which subsequently serves as a germ filter. Any organisms capable of 
passing through this are deposited in the first bend of the tube, which is then 
freed therefrom, by heating it to redness in the flame, before proceeding to inocu- 
lation. Ooncerning the sterilisation of the large copper apparatus for pure yeast 
culture, detailed inscructions have been given by E. Qh. Hansen (III ) 



CHAPTER XL 


METHODS OF PUBE CULTURE. 


§ 82 .— Nutrient Solutions. 


In § 15 of the Introduction it was stated that Liebig's theory regarded the 
disintegration of the albuminoids as the true activre agency in fermentation. 
Pasteuk (YII ), the active opponent of this theory, interested himself in the 
preparation of artificial media which, though free from albuminoids, began to 
ferment when inoculated with a minute quantity of fermentative organisms 
(a g. a trace of yeast). The oldest of these, generally known as Pasteur’s fliud, 
consists of — 

Orfims 


Water ... . , 

Ammoniam tattrate .... 

Oane-sugar 

YeaalHiflb (corresponding to one gim. yeast) 


100 o 
I o 
10 o 

0^75 


and was intended preferably for the cultivation of the higher fungi (yeast in 
particular). Its suitability for bacteiial cultures was examined by Oohn, who 
found that for this purpose the sugar could be dispensed with On the basis of 
researches into the requirements of yeast as regards mineral matters, Adolf 
Maybe (I ) proposed to employ, in place of the yeast-ash, which is soluble only 
with difficulty, an artificially prepared solution of the salts of which this ash is 
known from experience to consist Utilising this report, Oohn (I ) prepared a 
nutrient solution which he named ** normal bacterial liquid,” and which was 


composed of — 

Gmms 

Water . ... . . , 100 o 

PotOflBium acid phosphate (KHaP04) - . 05 

Trihasio calcium phosphate (Ca3(P04)9) . . . . o 05 

CrystalliBed nriogneBium sulphate 05 

Ammonium tartiute . 10 


Xageli (IY.)» relying on the results of his researches (indicated in chapter u ) 
on bodies suitable for the nutrition of the lower fungi, prepared three ** normal 
liquids for fission fungi,” one of them having the subjomed constitution : 


Grama 


Water 100 o 

Di-potasaium phosphate (K9HPO4) . . , . o i 

Cl yatollised magnesium sulphate . . , o 02 

Calcium chloride . , o oi 

Ammonium tartrate .... . i 00 


The nutrient solutions hitherto descnbed play a great part m earlier myco- 
logical hterature, on which account their constitution is now given, though at 
present they are but seldom used 

On the other hand, a second nutrient solution given by Pasteur, viz , yeast- 
water, IS still frequently used. To prepare this solution, about 100 grms. of 
thick brewer's barm (or 7^^ grms. of pressed yeast) are pla^d in a tin can with 

94 



NUTRIENT SOLUTIONS 95 

one litre of -water over the fire, and boiled for a quarter of an hour, and are then 
passed through a folded filter. If the liquid passing through is turbid it is 
returned to the filter, and m this way a clear, pale yellow filtrate is obtained, 
which IS EQ.ade up to one litre by the addition of distilled water, and is then 
sterilised (either in bulk or in portions) by exposure to ioo° 0 in a steamer on 
three consecutive days, or by a single operation of twenty minutes at 120° 0. 
under pressure. By a prebminary addition of 5 to 10 per cent, of sugar a very 
useful nutrient medium for yeast is obtained When acidified with acetic acid 
and qualified with alcohol, yeast- water rendered good service in Pasteur’s studies 
in acetic fermentation. 

For the cultivation of beer-yeasts the most suitable medium is hopped beer- 
wort, sterilised in the Pasteur flask as already described The hop-resin in this 
liquid exerts a toxic action on many organisms, and among them the lactic acid 
bacteria, which play an important part in distillery work , so that hopped wort 
must not be employed to cultivate these organisms in the laboratory, unhopped 
wort being advisable for this and sundry similar purposes. Unhopped wort is 
an advantageous medium for numerous fermentative organisms, and therefore 
requires special care in sterilising 

Wine-must serves for the artificial multiplication of wine-yeasts and fruit- 
yeasts, and a concentrated form of it is kept m stock in the laboratory. On this 
point fuller particulars will be found in chapter xx. 

Saprogenic and moat pathogenic bacteiia thrive pai*ticularly well in meat- 
juice. This IS used m the form of so-called bouillon, and, following the lines 
indicated by the researches of Petei and Maassen (I ), is prepared as follows 
Half a kilogram (i.i lb ) of finely minced beef, /ree from fat^ is placed in a tin 
pan or earthen crock along with one litre (i£ pints) of well-water, and, after 
standing for an hour at the ordinary temperature, is heated to about 60® 0. 
dunng three hours, with frequent stiiTings At the conclusion of tins period 
of extraction the mixture is boiled for half an hour and then filtered through a 
folded filter The pale yellow effluent liquid is made up to one htre when cold, 
and exhibits an amphoteric reaction. Its primary salts of orthophosphonc acid 
{fi.g KHjPOJ redden blue litmus paper, whilst on the other hand the secondary 
phosphates {eg, K^HPO^) also present behave in the contrary manner. In 
presence of phenolphbhaloin, however, only the teitiaiy phosphate (KgPO^) acts 
as a base, and consequently meat extract behaves as an acid towards both hlue 
litmus and phenolphthalem. As a geneml rule, 10 cc. of this broth require 
an addition of i 8 c c of deci-normal alkali to prevent the colour change from 
taking place with blue litmus, and an addition of 3 c.c to enable it just to 
redden phenolphthalem This acid reaction of meat-bi*obh being a hindrance to 
the development of many bacteria, it is on that account rendered 'oen'y slightly 
alkaline, the resulting liquid containing a smaller or larger percentage of alkali 
according to the indicator used, and which should be selected in accordance with 
the requirements exacted of the medium in each case After neutralisation, 
I per cent of dry peptone and a J per cent, of common salt are added to the 
liquid, which is then boiled again for a quarter of an hour (but not longer), 
and filtered hot ; the resulting liquid, generally known as nutnent bouillon, is 
filled mto small bottles {e,g 5-10 c.c ) and steiilised by either a tlirice-repeated 
treatment in the steamer or once under pressure 

When, under particular circumstances, suitable meat cannot be obtained, 
meat extract is U'^ed instead Hiieppe’s formula for making meat-extract 
bouillon is 30 grms. dry peptone, 5 gims grape-sugai’, and 5 grms meat 
extract, dissolved in i litre of water, and boiled, filteied, and neutralised as 
previously described The sterilisation of the (once moie boiled and filtered) 
boudlon must be performed with scrupulous caxe, the* meat extract being rich 
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in bacterial spores which are veiy tenacious of life. If this or the previously 
described bouillon refuses to filter clear, the white of an egg, previously beaten 
to a froth, is added, and the whole warmed up, boiled, and filtered, whereupon 
the liquid will run through bright. 

The power of thriving m a solution of salts devoid of albuminoid matters 
was first observed byDuJAKDiiT (I.) in 1841, in the case of a fission fungus 
allied to Baotefi'ium tevmo^ and was afterwards decisively proved, as regards the 
zymogenic fungi, by Pasteur. In 1893 Usohinsky (I.) demonstrated that the 
majority of pathogenic bacteria (of typhus, cholera, diphtheria, tetanus, swine- 
erysipelas, <fec.) could also be cultivated in a liquid contaming ammonium lactate 
and sodium asparaginate as its sole supplies of nitrogenous nutriment Cultures 
in such media are specially suitable for the study of the poisonous substances 
(toxins) excreted by these oiiginators of disease, the separation of the former 
being easy on account of the absence of albuminoids The fact that these 
toxins (which are probably alhed to the aJbumoses and peptones) can also be 
elaborated in non-albuminous media proves that they are not derivatives of 
albumen, but are the result of synthetical processes occasioned by the vital 
activity of the organisms. 

This matter has been investigated by Fermi and Sghwbinitz (I.), Proskauer 
and Beok (I.), 0 Frabnkel (II ), and others. Since bacteiia rapidly increase 
in such a solution, they are therefore also endowed with the faculty of effecting 
the synthesis of albumen Comparative researches instituted by E. Cramer (II ) 
with cholera vibno showed, however, that the percentage content of albumen 
(calculated to dry substance) in the cells cultivated in Uscbmsky’s solution is 
lower than in the case of cultures grown in media containing albumen. 

In the sixth and seventh decades of the present (nineteenth) century the 
preparation of a medium suitable as a universal nutrient medium for all possible 
bacteria formed the object of the repeated exertions of many bacteriologists. 
Such an attempt is now regarded as hopeless on account of the knowledge which 
has been gamed of the very opposite conditions governing the vitality of the 
several species, 

§ 83.— The Dilution Method and Fractional Cultivation. 

It has already been remarked in chapter viii. that it is quite the exception 
for a natural bacterial growth to consist of merely a single species, but that, as 
a rule, we have to deal with a mixture of several To separate these from one 
another, and to further multiply each species by itself, so as to obtain therefrom 
a pure culture, forms the aim of the methods of pure cultivation 

We start with the assumption that we have to deal with a number of 
different bacteria inhabiting a liquid, inasmuch as there is a second condition 
possible, % e when the organisms are distributed within a solid body (such as 
cheese, butter, soil, &c.) In the latter case a finely divided suffusion of the 
sample must be made with sterilised water and treated in the same manner as 
liquid bacterial samples 

Yery often the mycologist is set the task of determining the germ content, 
^.e. ascertaining how many individual cells are contained per umt of space m a 
sample This contingency is often met with in fermentation experiments with 
yeasts, in order that, from the result of the counting, the extent of the cell 
multiplication occurring during the fermentation maybe ascertained For such 
purposes a so-called counting cliamber, such as supplied, e g., by Oarl Zeiss of 
Jena, is used. The arrangement of this appliance is shown m Fig. 32, in plan 
at A and in vertical section at B. On a thick glass slide there is mounted a 
cover -glass (a) with a circular hollow, within which is cemented a second glass 
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disc (o) 0,1 mm tliinner. On the upper side of this latter are etched two 
systems (crossing each other at right angles) of twenty-one parallel lines at 
regular intervals of o 05 mm., and therefore enclosing compartments each of 
which has an area of o 0025 sq. mm. 

If now a sufficiently large droplet of the sample to be counted be laid on the 
centre of c and covered with a cover-glass (b) about o 5 mm, thick, then various 
portions of the liquid, which has a uniform thickness of o.i mm., can be 
ezamined under the microscope for the number of germs present therein. 

A number (ten to fifty) of the square divisions are counted and the mean 
of the resulting figures is taken. This being denoted as M, the germ content 

M 

of the liquid will then be — = 4000 M per cubic milhmetre. 

In order to arrest the movement of motile forms or prevent the multiplica- 
tion of rapid-growing cells (e.g. yeast), a portion of the sample, well shaken up, 
IS previously mixed with an equal volume of 10 per cent, sulphuric acid, which 
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will kill the organisms. This dilution must be taken into account in calculating 
the germ content from the numbers found in the countmg , so that M must be 
multipled by 8000 instead of 4000 

Assuming the germ content to have been ascertained in the way described 
above in the bacterial mixture, the different species in which aie being isolated , 
then, the number of cells present per unit of space being known, a portion of 
the sample — but not that diluted with acid — must be thinned down with 
sterilised water to such an extent that only one cell is present in two to five 
drops. One drop of this diluted liquid is then placed in each of a series of flasks 
containing a sterile nutrient medium, which flasks are subsequently kept at a 
suitable temperature, whereupon some of them will, after a while, exhibit 
signs of development , these will constitute the wished-for pure cultures. They 
are, however, not unconditionally reliable, since it not infrequently afterwards 
becomes evident that, in despite of calculation, some of the flasks contained more 
than one germ. I3y this method, generally known as the dilution method, 
Lister in 1878 prepared a pure culture of Bacterium lactis, which was (chrono- 
logically) the first bacterial pure culture, and Fbitz (YII.) also employed the 
same method in his studies on fermentation by fission fungi The first six species 
of the Sac(JKii/i'Q7j(iyGGte8 studied by E Oh. Hansen, and which stand out so 
prominently in the literatuie of fermentation physiology, were also isolated by 
I G 
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the aid of an improved form of the dilution method, further mention of which 
will be made in the second volume. 

The so-called fractional method of culture, as it was afterwaids styled by 
Klebs, was employed m particular in Pasteur^s experiments on fermentation. 
It consists in taking from a sample of fermenting liquid that has attained its 
maximum of development a small aliquot portion and transferring this to a new, 
sterile medium. By recalling the remarks made in the paragraphs of Section 
II. dealing with symbiosis, it will be understood that, at the period of highest 
fermentation in a natural liquid — and therefore one rich in difierent species — 
that species which is the cause of the fermentation in question will preponderate. 
Therefore, if merely a single droplet thereof be placed in a medium analogous in 
composition to the origin^ habitat, this species will be favourably situated from 
the outset, and will increase at a r^atively quicker rate than its associates By 
repeatmg this transference (“ re-inoculation ”) several times over, cultures will 
finally be obtained wherein impurities, t e. extraneous species, can only be 
detected by more searching methods of separation, such as are described in the 
next paragraph. 

These subjugated species will, however, come to the front again if the 
(apparently pure) bacterial culture be inoculated in a diffefi^ent medium forming 
a favourable environment for their development. Mention of this has already 
been made in a previous section, when referring to the older evolutionary 
labours of Lister, Lank eater, Hallier, BiUroth, and others. We are now in 
possession of another more convenient method for the purposes of pure cultiva- 
tion, which will be described in the succeeding paragraph, and consequently a 
criticism of the dilution method can be omitted. 

At present, only a couple of words will be devoted, as supplementary to the 
remarks already made, to the examination of brewery water for the presence of 
dangerous organisms. For the brewer those water bactena alone are important 
that develop in wort and beer and are capable of producmg injurious changes 
therein. Consequently, sterilised samples of both these liquids are employed 
in the biological analysis of brewing water The method employed was first 
proposed by E Oh. Hansen (IV.), according to whom fifty small Freudenreich 
flasks are used, twenty-five of them being charged with 15 c.c of sterilised wort 
apiece and the remainder with a similar quantity of sterilised beer. In each of 
the first fifteen flasks in both senes is placed one drop (0.04-0 05 c c ), and in 
each of the remaining flasks o 25 c.c., of the water to be tested These fifty 
flasks are then kept at a temperature of 24^-2 5° 0. for fourteen days, and are 
examined to ascertain how many become turbid or throw up a skin, i e. exhibit 
signs of the development of organisms. The ratio of the number of flasks with 
turbid contents to the total number is referred to i c.c of water, and a standard 
for determining the destructive capacity of the sample in question is thus 
obtained. Assuming that, for in«-t^ce, three out of the fifteen wort-flasks 
(moeulated with o 04 c c.) exhibit turbidity, then three growths have proceeded 
from 15x0.04 C.C., or five from i cc of the water Or, on the other hand, 
suppose that of the beer-flasks only one has become turbid, and that this is one 
inoculated with o 25 c.c. In this case, then, there is but one growth per 
10 X o 25 = 2 500. 

H. WiOHMANN (IT ) attempted to add, as a co-factor influencing the con- 
clusion arrived at, the length of time required for the turbidity to develop ; of 
this fuller particulars will be found in the reference just given, Hansen showed 
that a large number of species of water-bacteria are incapable of developing 
in the two solutions last named, and this is particularly the case with beer, the 
flasks charged therewith seldom becoming turbid after inoculation with water. 
J. Oh. Holm (I ) has, f 01^ several consecutive years, regularly examined the well- 
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■water and mam-water of the breweries at Alt-Oarlsberg, near Oqpeijhagen, by 
■tbis method, and found that the spores of mould -fungi are compfl^atlveily the 
most frequent, cells of bacteria capable of thriving in wort and beer beingT®?T" 
general, and yeast cells very rare. If the water be used merely for malting and ** 
mashing purposes, its germs are unimportant, being, as we have already seen, 
unable to withstand boiling in the hop-copper There is, however, one un- 
avoidable opportunity afforded for the contact of the beer with the water in its 
unchanged condition, and that is in the washing out of the storage casks and of 
the trade casks in which the beer is sent out to customers In Germany these 
casks, being lined with pitch, will not stand cleaning with hot water or steam, 
and are cleaned with cold water, a small quantity of which is always left behind 
in the casks ; so that, if this water be rich in organisms injurious to beer, serious 
inconveniences may arise. Dr. Will has reported to the author an instance 
coming under his knowledge where the beer from a brewery was constantly so 
turbid that no customers would take it. After prolonged investigation the cause 
was eventually discovered m the well-water, used for swilling out the casks, 
which was found to be nch in the organisms producmg turbidity in beer Subse- 
quent ezammation showed that the well was connected with the drams by means 
of Assures in the soil. 


§ 84.— Liquefiable Solid Media. 

If a species is represented in a bacterial mixture by a few individuals only, 
its isolation by the dilution method requires an inconveniently large number of 
culture vessels In order to overcome this difficulty (with others that need not 
now be touched upon!, Robert Xoch, utilising a method practised by Sohroeter, 
devised a new method of separation, generally termed plate-culture. The essen- 
tial part of the method consists in the addition of a gelatmismg substance to 
the nutrient solution, whereby the latter acquires the property of becoming 
liquid at a moderate warmth but is solid at room-temperature The medium 
thus hquefied is inoculated with a little of the bacterial mixture to be separated, 
and, after being well shaken up, is poured, whilst still fluid, on to sterilised glass 
plates, on which it sets as a thin film. In this film (under favourable conditions) 
each one of the cells inoculated therein is held fast and isolated from the others, 
and can subsequently multiply, undisturbed, into an aggregation of similar ceUs 
known as a colony. 

Gelatm is the substance most frequently used for this purpose, and nutrient 
media containing it are called by the generic name of nutrient gelatin, a distinc- 
tion being drawn between wort gelatin, meat-juice gelatin, must gelatin, &c., 
according to the kind of nutrient solution used. The amount of gelatin added 
is about 9 or TO per cent., and this produces a medium that is liquid above 
30® 0 and solid below 24° 0., so that inoculation can be conveniently performed 
at 35® 0 ., a temperature exerting no injurious influence on organisms Bouillon 
gelatin, often called peptonised bouillon gelatin, is prepared by making up the 
meat extract — prepared as already described — to its former volume, i,e i litre, 
with distilled water, after boiling, filtering, and mixing it in a glass flask -with 
I per cent, of peptone, 0.5 per cent, of NaOl, and 10 per cent, of gelatin. The 
fiask IS carefully warmed in the water-bath or steamer until the gelatin hquefles, 
and the hquid is then neutralised in the manner prescribed for bouillon. It is 
next boiled in the steamer for half an hour and filtered hot through a moist 
folded filter, to remove the precipitated albuminoid matters and those thrown 
down m neutralising. Samples that clarify badly are improved by egg-alhumen, 
since the filtrate has to be perfectly clear and transparent. The hquid is filled 
whilst warm and fiuid into vessels for use {e g test-tubes holding 5-8 c c.), and 



100 METHODS OF PUEE CULTUBE 

sterilised by intermittent heat, being left for twenty to thirty minutes in the 
steamer on three consecutive days, as explained in the preceding chapter In 
bacteriological treatises frequent mention is made of “ nutrient gelatin pure 
and simple without any qualifying term , in such cases the peptonised bouillon 
gelatin referred to above is always meant. The tubes spoken of in the colloquial 
language of the bacteriological laboratory as “ gelatm tubes ’’ are ordinary test- 
tubes containing 5 to lo c c of nutrient gelatm. The preparation of wort 
gelatin is very simple, the unhopped or hopped wort (according to the purpose 
it IS mtended for) being mixed with 10 per cent, of gelatin, melted, boiled for 
half an hour in the steamer, iSltered hot, filled into vessels, and sterilised by the 
intermittent process Must gelatin requires a httle care in preparation, the 
high acidity (— 0.7 to 10 per cent of tartaric acid) of the must havmg to be 
previously almost exactly neutralised by caustic potash, since otherwise the 
setting power of the gelatin is impaired After the acid has been neutralised, 
10 per cent of gelatm is added, hquefied, cooled down to between 30° and 40® 0., 
and mixed with the white of an egg beaten up to a froth ; then boded for half 
an hour in the steamer, filtered off, filed into the recipients and sterilised as pre- 
scribed. During storage, numerous crystalline concretions (up to the size of millet 
seed) of potaasium tartrate separate out m the solid medium, and by presentmg 
the appearance of colonies, give rise to the supposition that the medium has been 
imperfectly sterilised Attention is therefore now called to this phenomenon. 

As already stated, nutrient gelatin liquefies above 30® 0 ., and therefore also 
at the usual temperature prevalent in the incubator, viz., 38°-39° 0 , on which 
account it is unsuitable for use m the separation of such organisms as require 
higher temperatures for their development. In such cases a medium tempered 
not with gelatin, but with agar-agar, is used This substance, obtamed from 
Eastern Asia, and fully described in a treatise by N K Sohxtltz (I ), is a dried 
vegetable jelly prepared from various marine algsa and put on the market in the 
form of thm strips or as a powder Its manipulation bemg more conveniently 
effected m the latter condition, the use of agar-agar powder is recommended as 
preferable. In French literature this gelatin is generally known as gelose'*^ 
For use, not more than 2 parts of agar-agar per 100 of nutrient solution should 
be taken. It dissolves very slowly and with great difficulty. For the prepara- 
tion of peptonised bouillon agar-agar Hans Buchner recommends the following 
process The meat-broth (bouillon), prepared in the usual manner, is qualified 
with peptone, NaOl, and i or 2 per cent, of agar-agar, and boiled under pressure 
at about 105® 0. , neutralised after cooling down to 100® 0. ; then boiled up 
again, filtered hot, and filled into vessels for use. It is sterilised by exposure to 
120® 0 ., under pressure, for a quarter of an hour. The agai>agar media do not 
readily adhere to the glass walls of the vessels, a circumstance which in many 
operations may be very troublesome, but may be obviated if the adherent 
properties be increased by adding to the agar-agar employed (i to 2 per cent ) 
the same amount of gelatm or gum For the study of the lactio acid bacteria of 
the distillery, which thrive best at about 48° to 50® 0 , a i per cent, unhopped 
wort agar-agar medium contamuig 2 per cent, of gelatin is used. Moreover, 
these agar-agar media do not lose their power of solidification if stored for a long 
time at 100® to 120® 0 They are liquefied only at temperatures exceeding 
40® 0 , and since this last-named temperature is for many organisms the highest 
supportable maximum, the agar-agar is used m the following way when designed 
for the separation of a bacterial mixture The recipient tubes are immersed m 
boiling water to induce liquefaction of the contents, which are then cooled down 
to 40° 0. (at which temperature they are still just fluid), inoculated quickly, 
shaken up and nuxed thoroughly, and poured out on to the aforesaid glass plates, 
which rest on a support warmed to 40° 0 
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Por pure cultures at temperatures abave 50° 0 agar-agar caimot be used, 
since it then begins to soften For such (rare) cases, Miquel, when experiment- 
ing with BacdLus thermophilua^ replaced agar-agar in the nutrient solution by 
2. 5-3.0 per cent, of Oaragheen moss (Irish moss), from Ghondrus criapua — For 
special purposes suitable indicators are also added to the nutrient media. For 
example, if it is desired to separate merely the aoid-forming species from a 
bacterial mixture, then a little litmus is added to the medium before sterihsing , 
the colonies of acid-forming bacteria in the subsequent plate culture will then 
become surrounded by a red halo standing out conspicuously against the blue 
background. For the same purpose Beybrinck (Y ) recommended an addition of 
fine levigated chalk, which forms an opaque chaJk nutrient medium, becoming, 
however, clear at the parts of the plate culture occupied by acid-formmg bacteria, 
in consequence of their solvent action on the calcium carbonate. 

Certain organisms, such, for example, as the nitrifying bacteria, do not thrive 
in the solidified nutrient media hitherto described. Therefore, in order to pre- 
pare cultures of the same by the aid of the plate method, recourse is had to the 
medium prepared from precipitated silica, proposed by W K^hne (I ). Silica 
precipitated from water-glass (alkah silicate) and carefully purified will, when used 
as a 3 4 per cent aqueous solution, set within an hour to a firm mass if mixed 
with 0.25 per cent, of NaOJ. The salt is added to asterihsed solution which also 
contains the other requisite nutrient substances. Tn this solution is distributed 
a small portion of the bacterial sample to be separated, the cells of which will, 
when the medium has set, be fixed and develop into colonies Fuither particulars 
concerning the preparation of this silica medium will be found m the above- 
mentioned treatise, as also in one by Wmogradsky which will be referred to 
later 

The numerous nutrient media employed in practical mycology ore more 
fully described in the handbooks of Hueppe, Eisenberg, Tiemann-Gartner, and 
Bemheim, but only one need be briefly noticed, viz., the potatoes employed for 
the so-called potato cultures The potatoes — the better sorts used (in Germany) 
foi salad-making — after being carefully cleaned externally, are steeped for an 
hour in a I per mil solution of sublimate, then swilled with water and sterilised 
in a wire basket by two hours’ exposure in a current of steam. When this is 
effected, and they are so far re-cooled as to be fit for handling (with disinfected 
fingers), they are cut into halves by a sterilised knife and placed under a sterilised 
beU-glass, When cold, inoculating streaks are drawn on the cut surfaces, and 
subsequently develop into potato cultures. 

§ 85.— Koch's Plate Cultures 

are, as previously indicated, prepared by pouring out the liquefied and inoculated 
medium (e.y. 5-8 c c. m a test-tube) on to colourless glass plates, rectangular in form, 
about one-twelfth of an mch thick, 5 to 6 inches long, and 3 J to 4 inches broad, 
previously sterilised in batches m a copper or iron box, from which they are taken 
as required. The plates are laid on a plate-pouring apparatus arranged horizontally 
— as descnbed and shown in the above-named handbooks — and the distribution 
of the stratum of gelatin or agar-agar is assisted by the aid of the nm of the test- 
tube To sterilise the latter, it should be held for a short time in the Bunsen 
flume and allowed to re-cool sufficiently before proceeding to pour. When the 
gelatm layer is set the plate is transferred to a sterile damp chamber, which is 
placed in the thermostat and maintained at the constant temperature required. 

These plates are rather mconvement to handle, since, m following up the 
development of the growing colonies the plate must be frequently taken out of the 
chamber Durmg each observation the mould sporea in the air are liable to tall 
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upon the medium, where they rapidly develop into such masses of branched 
threads that the bacterial colonies are smothered, thus rendenng all the care 
bestowed upon the preparation of no avail. In order to prevent this, the fat 
plates are replaced by double shallow glass dishes, in which the cultures can be 
examined under low powers without being exposed to the air. These dishes 
were first introduced into bacteriology by ^lomonsen, but are generally known in 
Germany as Petri dishes, this latter worker having been the first to test them. 
Their use for this purpose can be recommended. — Instead of pouring out the in- 
oculated gelatin, the closed tube can be held almost horizontally under the stream 
from the water-tap and slowly turned round on its axis, whereby the contents 
are distributed uniformly over the walla, and will set as a thin stratum wherein 
the germs then develop into colonies. These cultures are generally called Esmarch 
tubes or roll cultures, and were first proposed by W. Hesse. 

Plate cultivation affords useful assistance, not only for the separation of a 
bacterial mixture into its several species, but also for the determination of the 
number of cells present therein, a few gelatin tubes being charged with various 
quantities of the sample and poured on to plates. This method is of particular 
importance in the quantitative bacteriological analysis of water, for which 
reference should be made to Tiemann-Gartner's handbook. The counting of the 
colonies grown on the glates is effected by the aid of special counting apparatus, 
that of Wolffhugel being used for the Koch plates. Por counting the colonies on 
gelatin plates in Petn dishes the author, in 1893, constructed a cheap countmg- 
plate, obteanable from F. MoUenkopf, of Stuttgart (10 Thor Strasae). The 
number of germs thus found is always smaller than the living cells aotuaUy 
present in the inoculating mixture, since only such as have developed into 
colonies are enumerated, whereas a number of germs in the original have failed 
bo develop under the conditions prevailing, owing to the medium being unsuit- 
ible for some, and the temperature of the incubator, though favourable to the 
majority, being too hot or too cold for a minority. The medium relatively most 
suitable for the purpose of ascertaining the number of germs is, la most cases, 
gelatinised meat-juice, and this is therefore the one most frequently used. Oon- 
3 iderable infiuence on the number of developing germs is exerted by the degree 
of alkalinity of the medium, a fact first conclusively demonstrated by A Rbinsoh 
(II ) and confirmed by Max Dahmen (I.), if it is a question not of ascertaimng, 
as nearly as possible, the toted germ content of a sample, but only how many of 
the cells are capable of development in a given medium, then the latter is arranged 
in a solidified condition as a plate culture For example, wort gelatine is generally 
used— unless the contrary be expressly stated — when determining the number of 
germs in brewery water. It is important to know for certain whether the 
colomes in a plate culture are each developed from a smgle ceU, since it is only 
in such cases that a pure culture can be obtained on re-inoculation. This aim is 
attempted by thm sowing and thoroughly shaking the liquefied medium, in 
order to separate the cells from each other. Kevertheless, there is always some 
uncertainty, which we must endeavour to remove by discarding the first senes 
of plates and by preparing a second senes wherein any impunties may become 
manifest , then, if the colonies are found to stand this test, the reinoculations 
therefrom may be considered as pure cultures. This can be ensured from the 
outset if the growth of the colomes, from the single cells, be followed by the 
aid of the nucroscope from the beginning. This test is, however, feasible only 
V7ith largo cells {Eumycetes spores, yeast cells, efee ), and will be enlarged upon 
in a subsequent chapter in connection with the pure culture of yeast. On the 
Dther hand, it is, as a rule, impracticable for bactena, since their examination 
aecesaitates the use of such a high {short focus) objective that the latter has to be 
brought so near the plate as to impinge on the gelatin stratum. 
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Pare cultivation with sohdified media is almost exclusively applicable to fungi 
alone, its application to other groups having been successful m the case of a few 
only of the lowest unicellular algae. In this manner Beyerincb: (VI.) prepared 
pure cultures of the last-named organisms (frequently found in the microscopic 
exatmnation of river-water), viz , Chlorella tmlga/r^a^ Scenedesmua cLoutuSt GhLw'o- 
aphcBfra hmijcola, Ghlorocoocvm {Gyatococcus) humicola^ Stwkococma mafjor^ and a 
second species of Chlorella. Wilhelm Kruger (I.) prepared by the plate method 
pure cultures of two algae, which he named GM&rdla protothacoides and Ghlorothe^ 
oiurn aacchm'ophily/ffh^ from the sap of the lesser maple. Quite recently Beybrinck 
(Yll.), A Oelli (I ), Pr Sohardingbr (I.) and others, have also successfully 
attempted the cultivation of Amceha in the samG manner 
. The sohd nutrient media in question are, except those containing chalk, 
transparent, so that the plates prepared therefrom can be laid on the stage of 
the microscope and their colonies examined under a low power by transmitted 
hght. The differences thereby observable form valuable indications for the 
identification of the individual species. A number of them, Bacilhia auhtilia for 
example, excrete a peptonismg enzyme, in consequence of which the gelatin is 
hquefied as far as the solvent enzyme proceeding from the colonies is able to 
diffuse, and thus a liquefactive colony is obtained. The converse was supplied 
by such organisms as produce no enzyme capable of dissolving gelatin, and which 
therefore do not liquefy the medium, but grow as solid colonies. The develop- 
ment of these latter may proceed in various wa} s , the colomes of Baot&rium 
aceii^ for instance, gradually assuming a stellar form, whilst those of the lactic 
acid bacteria have a circular outline BadHiia ramoaua — a fission fungus 
frequently occurring in soil and in natural waters, and generaUy known as 
wurzel (root) bacdlus — which M. Ward (IV) subjected to exhaustive 
morphological and physiological examination, grows on agar-agar to colonies 
built up of entangled, branched, and plaited threads resembhng the roots of a 
tree, — A comprehensive descnption of these characteristics, os presented by the 
separate species of bacteria, will be found in Eisenberg’s work. 

If a platinum wire, previously heated to redness and then dipped in a 
bacterial culture, be thrust into a solid medium contained in a test-tube, the 
cells so implanted in the passage formed by the wire will develop to a so-called 
puncture culture, the appearance of which also affords valuable indications for 
the recognition of individual species. Organisms requiring air grow only on 
the surface, whereas those shunning the air will develop only in the deepest 
part of the channel, and those dissolving the gelatin will forma liquefied funnel. 
This latter indication is one developed m a highly characteristic manner by the 
cholera bacillus, and is, therefore, made use of in the bacteriological analysis of 
water. If a test-tube containing about 8 or lo c c. of liquefied nutrient gelatin 
or agar-agar be held at a sharp angle, the contents will^set in the form of a 
wedge, and if the plane surface be stroked over with a small quantity of a 
culture, then a so-called streak culture will be developed. This also in many 
cases assumes a characteristic form that should be taken into consideration in 
the identification of a species. The potato cultures already referred to are 
nothing more than streak cultures on the cut surfaces of steamed potatoes. We 
are indebted to 0 Fraenkel and R Peeipper (I ) for an excellent atlas of 
photographs of the colonies, streak cultures, cover-gloss preparations, (kc , of a 
number of (mostly pathogenic) bacteria. An atlas of coloured plates of these 
objects has been issued by K B. Lehmann and R Neumann (1.) 

It may be valuable, for purposes of instruction, to preserve in the cultures 
the appearance they present at the time of their most vigorous growth 
According to G Hauser (II.), the preservation of cultures on gelatin or agar- 
agar can be most conveniently ensured by means of formaldehyde Cultures in 
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test-tubes can be treated by moistening the cotton plug with formahn aud thei 
covering it with a rubber cap to prevent desiccation. Plates and cultures u 
Petri dishes can be kept for some time by covering them with filter-pape 
moistened with the same antiseptic, which kills the cultures without deatroyin| 
their form. It also penetrates the medium, hardens the gelatin, and makes i 
unsuitable for the further development of organisms, so that the preparation, 
thus treated are exceedingly durable. Fuller information on the preservatioi 
of pure cultures of fermentative organisms, and practical hints concerning th- 
arrangement of mycological museums, which are very useful both for teaching 
and for reference purposes, will be found in the treatises prepared by J. SoyKj 
(I.), F KbXl (I.), H. Plaut (I.), B. Ozaplbwski (I.), and E. KrUokmann (I.) 

The necessity will nob infrequently arise for reliable (living) pure culture 
of authoritatively named species of bacteria, &a,, either for use as a starting 
point for study or for comparing, and, as far as possible, identifying som( 
newly-discovered species Kril’s Bacteriological Laboratory (i i Kleiner Ring 
Prague I.) can be recommended as a source from whence to obtain them. Thi 
institution supplies living pure cultures, streak-cultures on oblique sohdifie* 
agar-agar, in test-tubes at the moderate price of one to two marks (= shillings 
per tube. 

Koch*s plates can also be used with advantage when it is a question o 
ascertaining which nutrient media are suitable for a given microbe. For thi 
purpose Beyerinck (VIII.) has devised a method which he calls Auzanography 
A ro per cent, gelatin or 2 per cent agar-agar in distilled water is prepared 
both of which substances in the pure ^ate form very bad media, whether fo 
bacteria or higher fungi Plate cultures of the micro-organism whose nutritiv 
requirements form the object of the investigation are then prepared These, 1 
left to themselves, will not exhibit any appreciable degree of development, s 
the surface of the plates is stipplod with a few drops of aqueous solutions of th 
substances whose nutrient properties are to be tested. These drops are ahsorbe 
by the gelatin or agar-agar, and form circular fields of diffusion around th 
spots in question , The thickly sown cells of the species under exammation wi 
then develop into strong colonies on those spots only where the requisite nutrien 
materials are encountered, so that the organisms inscribe, as it were, with thei 
bodies, the answer to the question propounded as to the smtabihty of th 
nutrient substances at hand. Such a plate of colonies grown in this manner i 
called by Beyermck an Auxanogram. This method may also be employed fo 
testing the toxic action of various substances on given organisms. Beyerino 
(IX ) also employed this process as a basis for the qualitative and quantitativ 
method of microjbiological analysis proposed by him m the reference just given 



SECTION IV. 

OaROMOGENlC, PHOTOGENIO, AND THERMOGENIO BACTERIA. 


CHAPTER XIL 

CHROMOPAROUS BACTERIA, PRODUCING RED AND YELLOW 
COLOURING MATTERS 

§ 86.— Coloured and Colouring Bacteria. 

In classifying the ohromogenio (colour-producing) bacteria, the situation, as well 
as the nature, of the colour has an importance that cannot be disregarded. An 
examination for this Hi'st-named characteristic in individual species quickly leadfi 
to the differentiation of the chromogeuic bacteria into coloured bacteria on th( 
one hand and colouring bacteria on the other, the cells in the latter bem^ 
themselves quite "colourless, but excreting a coloured transformation product 
these species have been designated chromoparous by Beyerinck 

In the coloured bacteria, on the contrary, the colouring matter remainc 
within the cells This group may be divided into two sub-groups, the one 
comprising those coloured bacteria the colouring matter of which performs ar 
important physiological function, as in the case of the purple bacteria treatec 
of in the following chapter ; such bacteria are termed chromophoious. On the 
other hand, the second sub-group includes those coloured bacteria in which the 
colourmg matter has no such function, and must be regarded as a purely passive 
metabolic product, which is, nevertheless, not excreted (os m the chromoparoui 
species), but remains vnih/vn the (jell without manifesting any apparent activity 
These bacteria are termed parachromophorous. 

The chemical properties of the bacterial colouring matters and then 
importance for distinguishing one species from another were discussed by Paui 
S oHNEiDER (I.) after exhaustive experiments with thirty different species. Hji 
results in this connection may be thus summarised (i) The bacterial colouring 
matters can to some extent be differentiated by their behaviour towards solvents 
(2) A given species, grown under identical conditions, always produces th< 
same colouring matter. (3) Two species, differing as regards form and con 
ditions of growth, may in certain cases produce the same colouring matter 
(4) Most of the species apparently producing the same colouring matter, anc 
also analogous in other respects, can be differentiated by the reactions of thei 
colouring matter. 


§ 87.— fflicrocoeeus Prodlgiosus. 

This being the oldest known chromogeuic bacterium, will be dealt with first 
Many a victim of the proceedings taken against witchcraft durmg bygon 
centuries must have been consigned to the stake on the charge of having fabri 
cated the blood-red spots that were occasionally found developed on the Hosi 
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and which filled the credulous mind of the masses with horror ; and even m i8 
the entire province of Padua was set m a commotion by the frequent appearan 
of such spots and drops on various articles of food. This red, slimy coati 
was examined by Settb (I.), who recognised it as endowed with vitality a 
named it Zoogalactma vmAi/rofa A small quantity applied to still unalter 
food-stuflfe, &c., sufl&ced to produce red spots on these latter. This phenomen 
was fii'st more closely investigated in 1848, when it was of frequent occuirei 
in Berlin. Oh. Ehrenberg studied the spots and drops, and found them to cons 
of minute oval cells 0.5 to 1.0 fim length ; and bearing in mind their form a 
observed powers of locomotion, he classified this wonderful organism as a n 
species of his genus Monas, and called it Monas prodigiosa, a designation sub 
quently changed by Oohn to Micrococcus prodiyiosus. As this microbe (mos 
appearing as approximately spherical cells) will, under certain conditions of envirc 
ment, ajssume an elongated form, it is also frequently named both Bact&rvi 
prodigio&um and Bacillus pfrodigiosus, as was done by Fliigge in his handbo* 
These names, therefore, indicate one and the same species ot fission fungus, a 
are also synonymous with the older names Palmella prodigiosa and Bmt&ndjv 
prodigiosum. 

This fission fungus excretes a peptonising enzyme, and consequently liqueJ 
the gelatin medium. A temperature of 25° 0 . is the most favourable one 
its growth, and it thrives most luxuriantly on boiled potatoes, the formation 
trimethylamme becoming at the same time apparent. Starch paste, boiled r 
boiled egg-albumen, boiled carrots, boiled meat, milk, and many other food-stu 
form suitable media for this microbe, which, however, will not develop on i 
potatoes, raw meat, or uncooked steeped nee. It is therefore evidently a t 
saprophyte, occurring only in defunct or destroyed and convened nutnent mei 
When cultivated m thinly fimd solutions it exhibits- -os was established 
SoHOXTBLius (I.) — ^brisk powers of locomotion . 

The red colouniig matter, which is produced in presence of air only, 
according to the researches of this obsei-ver, at firbt difiusely distributed throi 
the young cells. It is then excreted, a»d collects into various-sized gram 
which he between the cells and so impart a red coloration to the culture ^ 
tone of the colour changes with the age of the culture, beginning as a pale 1 
and .passing through a bright scarlet stage into dark brown-red According 
the researches of J. Sohroetek (I.) and Sohburlen (III.), the colouring mai 
18 insoluble in water, but readily soluble in alcohol, xylene, clilorofoim, car 
bisulphide, and, to a slighter extent, also in ether and in fats {e,g. olive 1 
The icoholio solution exhibits in the spectroscope three absorption bands 
beyond B, the second just before E, and the third before F. The element 
formula was determined by A. B. Grippiths (I ) as though 

analytical results obtained by Scbeurlen are not in conformity therewith, 
opinion expressed by 0. Erdmann (I ) that the colouring matter generatec 
M prodigiosus is identical with fuchsine has been contradicted by C 
Helm (I.) and Bordoni-Upprbduzzi (I.). 

This fission fungus forma a very suitable object for the study of mutabil 
E, Wassbrzug (I.) traced the changes of form which this species under v 
m consequence of alterations of the conditions of nutrition By repet 
cultivation on faintly acid media — o 3 to o 4 grm, of tnrtanc acid per hti 
cultures are obtained the cells of which are no longer globular or oval, 
exhibit the form of actively motile long rods and threads; the modificat 
being the more pronounced as the number of inoculations is increased As s 
however, as an inoculation is made from such acid liquids into an olka 
medium, the typical short cells reappeai\ This reversion also occurs when 
cells remain for some tune in the original acid medium, after the reaction 
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become alkaline from the tranbformation products (tnmethylamine, (to ) excreted 
by the microbe. 

In addition to the form of the cells, the development of colouring matter is, 
as Schottelms has found, also dependent on the nutritive conditions; since, if a 
prod%g%o 8 U 8 culture, grown at 10^-25° 0 and already red in colour, be moculated 
on sterile potatoes (steamed and cut in halves), and the temperature kept at 
38°-39'* 0., the inoculating strealcs develop into colom'ieas streak cultures. 
Prom these again a red culture can be once more obtained by suitably modifying 
the conditions of the culture, reverting to a lower temperature 

§ 88,— Lipochpomes. 

"With the organism mentioned in the last paragraph are classified' a number 
of other species also producing red colouring matter. One of these, BoAnUas 
erythrosporua^ first discovered by Ed Eidam (I.) in putrefying egg-albumen, is of 
particular interest. This is a slender motile banillus, which does not hquefy 
gelatin As is indicated by its second name, the seat of the dirty red colouring 
matter is not m the vegetative form of growth, but in the endospores. The 
so-called (motile) “ banllus,^* found by Breuning in the Bay of Kiel, occurs 
generally as long rods (o 8 broad, by 2.5-5 ^ong), which liquefy gelatin. 
There is great similarity m the red colouring matter produced by this bacillus 
and Microooeous prodig%o 8 U 8 y but the former microbe is distinguished by its 
greater susceptibility to direct sunlight, which, according to the researches of 
E, Laurent (I.) permanently destroys its chromogemc power. A similar 
effect is produced by the presence of carbohydrates in the medium, the Kiel 
hcmlluF, m such event, elaborating no colouring matter. The following chromo- 
parous red species will only be briefly alluded to BaciUus ruh&i\ discovered by 
Frank and described by Oohn (II ) , Bacdlus %ndiou 8 , discovered in the contents 
of the stomach of an East Indian ape , the BouyiUus granuLatus of Babes , 
BacuUm cwaUinus, isolated by 0 Slater (I ) from atmospheric dust, and the 
Bamllva ruhellus, discovered by Okada (I,), which forma endospores and thereby 
assumes the clostndium form 

Greater interest attaches to several red and yellow species studied by Zopf 
(lY.), and especially as regards their colouring matters, which were named by 
him lipochxomes or fat-colourmg matters. These are excreted from the cells 
and collect between them to form dendritic crystalline aggregations, which are 
luminous in the darkened field of the polariscope. The lipochromes known at 
present are red and yellow, the former being styled liporhodme and the latter 
lipozanthine The reagent for these is concentrated sulphuric acid, whereby 
they are converted into deep blue acicular crystals of lipocyanine, which remain 
isolated when derived from hpoxanthine, but arrange themselves in characteristic 
groups when produced from liporhodme. Illustrations of these will be found in 
OvBBBEOK^s (I.) work on this subject. These colouring matters can be extracted 
from the cultures by means of ethyl alcohol, in which they are just as soluble as 
in methyl alcohol, chloroform, carbon bisulphide, and benzene On evaporating 
the solvent, a fatty mass, furnishing the acrolein reaction, remains behind This 
being saponified and salted out with a hot solution of sodium chloride, the liquid 
underlying the soapy layer will contain the colouring matter, which can then be 
extracted by shaking up with petroleum spirit and examined spectroscopically. 
Of these species the following were more closely examined by Zopp ( V".) Micro- 
coccus rhodochrous^ isolated from the contents of a gooseys stomach, is about o 9 /u. 
in diameter, and will grow on nutrient gelatin, potato discs, <fec , to form deep 
red masses. The absorption spectrum of the liporhodine extracted therefrom 
shows an absorption band in F. The Micrococcus yth omyxa, obtained from 
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the town-water of Halle, has a diameter of i.o-i 2 /t, and its colonies on the 
nntnent media referred to reaemble in appearance those of the first-named 
species. In addition to hporhodine, however, it produces a yellow colouring 
matter, soluble in water, but of unknown nature. 

Antithetical to these two red-produomg species are Bouct&rivmx egregwm^ 
obtained from atmospheric dust, then BoGterivm chryBogloxa, , and finally the 
Sta>phylococcua •pyogmtB av/rma^ already several times referred to in the previoue 
chapter. These three develop into yellow cultures producing lipoxanthme, the 
absorption spectrum of which consists of two bands, one near F and the othei 
between F and G 

§ 89.— Red Coloration in Milk 


may be due to various causes, one of them being an admixture of blood derivec 
from a broken blood-vessel in the udder. In this ca^e the coloration of tb 
liquid is not umform, but is due to scattered patches of red, flocculent bloo( 
coogulum. If, on the other hand, the milk is found to be uniformly coloured 
red or reddish throughout the entire mass as soon as it is drawn from the uddei 
then other causes are in operation. If the colour undergoes no change on stand 
ing, it is attributable to the fodder having contained a large quantity of madde 
{Rubia UnGlorum) or of Galivm verumi Should, however, the red-drawn mil 
precipitate a red sediment on standing, the colour of the liquid concurrent! 
decreasing, then the coloration is due to a transudation of heematin. This caf 
IS analugons to that of “ red water,^’ and is a consequence of the consumption < 
highly stimulating fodder. 

When, however, a normal milk grackuiUy beoomea red aftefi* standing^ tht 
micro-organisms ore at work {Miarocoama prod/igxosua being frequently the ageni 
and the colouring matter excreted by the organism is absorbed by the f 
globules of the milk This miciobe has already been more minutely characteris' 
in the preceding paragraph. 

A second milk-reddening organism is the Bacillus lactis eryth^ogenea, d 
covered by Hueppe and moie closely examined by GaoTEKPELT (I ) The nc 
motile rods of this organism are o 3-0.5 jj. in diameter, with, usually, a length 
i-i 5 /i, but attaining to 4.3 /x in bouillon This fission fungus (which hquef 
gelatin) grows on solid media to yellow colonies, which excrete around th 
pei'iphery a red colouring matter. When inoculated into sterile milk it p 
duces a gradual coagulation attended with a sickly-sweet odour, without affect] 
the reaction of the liquid to any appreciable extent. The serum gradually ck 
fymg from the deposited casein absorbs the resulting deep red colounug matl 
which develops most copiously in the dark and ceases to form if the culture 
exposed to light or the medium has an acid reaction. Its absorption speotr 
exhibits two strong bands between the lines D and E and a third in the bl 
A species of fission fungus alhed to B. Iac 6 i 8 erythrogenea has been isolated fi 
red milk by A. Baginskv (I ). 

Of the sorcina group two species are known to be endowed with the faci 
of reddening milk One of these was discovered by K. Menge (II.), 
JSardna o'oaea Menge , and the second was isolated from red milk by L. Adak 
(II ), and was identified with the Scvroina rosea Schroeter, very frequently 
with in the air Apart from the red coloration, Menge’a sarcina prod 
no noteworthy changes in milk, but Schroeter's sajcina, on the other hand, 
precipitates the casein which is subsequently gradually re- dissolved Oo 
quently a milk-chit are (growing dark brown in colour) kept at 25° 0 for 
to five weeks no longer exhibits any deposit beyond a sediment consistin 
sarcina packets. 

Red coloration in cheese may arise from various causes, those of a pi 
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olieinioal nature being merely referred to here for the purpose of differentiation 
According to the researches of H. BimsTmT and F. J. Hbrz (L), a number of 
rhodanate (thiocyanate) compounds develop in ripening curd, and when the ripe 
cheese is cut the iron compounds therein oxidise and combine with th^ thio- 
cyanates, the resulting feme thiocyanate being in sufficient quantity to impart 
a red or reddish tinge to the out surface A sample of cheese thus reddened is 
decolorised by immersion in a solution of oxalic acid, so that this reagent should 
be employed in doubtful cases. If, on the other hand, micro-organisms are at 
work, the result is different This disagreeable phenomenon is more rarely 
encountered in hard than in soft cheeses Red spots gradually form on the 
surface and spread by degrees, but do not penetrate more than a few millimetres 
into the substance of the cheese The spots may be composed of red Eumycetes 
or of pigment bacteria. Adametz (III ) isolated two species of nucrococcus from 
red cheese, both of which develop a red colouring matter m milk and cheese ; but 
more frequently Eumyoetea^ ^ e higher fungi, are the cause of this phenomenon in 
cheese These will be discussed in a subsequent section 

The cause of the reddening of dried codfish (stock-fish) was investigated by 
Le Dantbo (I ). About one-third of this article put on the market is said to be 
affected by this evil, and is thereby rendered unsaleable, not only by reason of 
its salmon colour, but also because of a popular belief that reddened stock-fish is 
poisonous The annual loss thus entailed is estimated at ten millions of francs 
(^400,000). Le Dantec isolated three organisms from such spoiled fish ; the first 
bemg a sporogenic red-producing bacillus, morphologically similar to tetanus 
bacillus, and liquefying gelatin , secondly, a coccus of 3-5 /i diameter, developing 
on gelatin to solid red colonies, but not producing a red colouring matter in 
the fish imless accompanied by a second species of coccus, which, by itself, is 
incapable of developing colouring matter. In order to render the reddened fish 
fit for sale again, it is brushed in cold water and re-dried In America borax is 
added to the salt used in curing the fish, in order to prevent the development of 
the evil; and an addition of from 10 to 15 per cent of sodium bisulphite or 
potassium nitrate (saltpetre) is also said to be efficacious. 

§ 90 .— Bacteria Producing Yellow Colouring Matters. 

These were first studied by 0 J. Fttohs (I.) in 1841, the starting-point of 
his researches being the so-called yellow milk, % e milk that on standing develops 
a pale- to orange- yellow coloration. 

The cause of this appearance was traced to a microbe named Vibrio 
synacaoithita by Oh. Ehrenberg, and afterwards known also as Vibrio xcmt/iogenm 
and Bacterium synxomthum. The same phenomenon was also investigated by 
J. SoHROETEB (I ) m 1870 , according to whom it occurs in boiled milk only, 
inoculations from a slightly yellowed milk into normal unboiled milk being 
unsuccessful The activity of lactic acid bacteria was presumably the cause of 
this prevention On inoculation with this microbe, boiled milk coagulated after 
twenty-four hours, and the yellow coloration made its appearance after the lapse 
of a second period of equal duration. Thereafter the precipitated coagulum 
gradually disappeared and became re-dissolved, so that m six days the milk had 
become converted into a citron -yellow, watery, strongly alkaline liquid containing 
merely a few particles of casern in suspension. The pigment is insoluble in 
alcohol or ether, but soluble in water ; it is unchanged by alkalies, but acids 
combine with it to form a colourless compound The absorption spectrum is 
devoid of characteristic band'i, and merely exhibits a darkening of the rays on 
either side of the yellow. Schroeter proposed the name of Bacterium xcmthinium 
for the microbe investigated by him, which designation waa converted in later 
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text-books to BoigUIvs synxaTithvs, It is desirable tbat the study of the 
organisms of yellow milk slaould be taken up anew, since Schroeter’s investigations 
were not performed upon pure cultures in the present acceptance of the term. 

With the species hitherto described {Bacterium egregium, B, chtyaogloia, 
Staphylococou>8 pyog&nea aurtvs^ B, synacanthuTr^ there can be associated a 
number of others, equally characterised by the faculty of producmg yellow 
colouring matters. Of these, mention will here be made merely of the Mxot'o- 
COOCU8 Qchroleuou8^ discovered by O. Prove (I ) m human urme in a state of 
mcipient decomposition. When kept m the dark this microbe develops mto 
colourless cultures, but if exposed to diffuse daylight or the sun’s rays it elabo- 
rates a sulphur-yellow colouring matter. This may, therefore, be regarded as 
a probable means of protection. 

Many species of bacteria producing orange-yellow or orange-red colouring 
matters are met with in air, water, and soil. Smce they are of no particular 
importance, it will be sufficient to merely mention a couple of them, viz., the 
Microoocma aura/ntiacus {j=^ Bacterxdiwm described by Oohn and 

Schroeter, and the BaciUua auemniiacua, discovered by Prankland 

The group of globular Schizomycetes to which the generic name of Saroma 
has been apphed is rich in species producing red or yellow colouring matters 

A few examples of the former having been already 
given m previous paragraphs, it will now be sufficient 
to consider merely those developing into yellow colonies. 
The first observation of any sarcina species whatsoever 
was mode m connection with a species of this group. 
John Goodsir (I ) m 184.2 discovered, m the vomit 
of a fatient suffering from a diseased stomach, 
colonies of microbes resembling bales of merchandise 
in form, to which he applied the name Sarcina ventn- 
cvU (Fig, 33) His opmion that the imcrobe was a 
vegetable organism led to a controversy only termi- 
nated m 1847 by YmoHOW (I.), who agreed with his 
English colleague. Sarcina venti'vyuk produces, how- 
ever, but a faint yellow colouring matter. The cells 
of the Sarcina Jlava^ described by De Bary, which 
measure 1-2 in diameter, produce a yellow colouring matter, and this species 
is distmgmshed from the Sarcina lutea^ discovered by Schroeter, by its power of 
liquefying gelatin. Paul Lindner prepared pure cultures of Sa/tGina aurantiaca 
from Berlin “ Weissbier ” (white beer), the colouring matter of which organism 
is, according to the researches of H yon SohrOtter (I ), allied to lipoxanthme. 
No sarcina producing blue, violet, or green colouring mattei s are as yet known 
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Eig 33 — Saroitia veutrloull 

From tlie contents of a dis- 
eased stomaeb o-d. variouB 
stages of development. 
iJficr Zo£f) 


CHAPTEE XIII. 


PUEPLE BACTERIA AND THEIR BEHAVIOUR TOWARDS LIGHT. 

§ 91.— Their Morphologry. 

When in September 1826 the “ VerSammlang Deutscher Naturforscher und 
Aerzte” (Association of German Naturalists and Physicians), founded by Lorenz 
Oken in 1822, was held in Jena, Oh. Ehrenberg was among those present In 
the course of a stroll to the neighbouring village of Ziegenhain he observed in a 
pool in the brook below the church a number of large red patches, about a 
hand’s-breadth across. These he found to be composed of enormous swarms of 
a unicellular cylindrical organism provided with a single cihum and measuring 
10-15 /i long by 5 ft broad, which he named Monas Ohmii, Later on, Pertt (I.) 
arranged this species, along with other similar ones, into a new genus, Chroma,- 
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Chiomatium Okenil Monna Wannlngll 
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and the Monas in question then received the name Ghromatium Okenn^ 
which it still retains. This organism is shown in Pig 34 

The mam reason for considering this organism here, separately from the 
other red bacteria previously noticed, is on account of its physiological action 
rather than its morphological character, which action places this bacterium (and 
many other similar species) m quite a distmct category from all other pigment 
bactena, and, in fact, all other bacteria whatsoever. Even in 1875 Cohn (II ) 
expressed a doubt as to whether the ciliated Ghromatium Okenii and alhed forms 
could be classed as bacteria at all, smce it was at that time assumed that the 
latter organisms were not endowed with special organs of locomotion. However, 
as explamed in chapter in , the improvements made m the methods of optical 
and micro-chemical examination have led to this opinion being modified. 

The chief characteristic of the Ghromatm and their congeners is their 
behaviour towards light , but before considering this more closely we will throw 
a glance over the multitude of organisms now in question, with some of which 
we have already had an opportumty of becoming acquainted Thus we know 
from § 68 that Lankester studied the ciliated red monads and classified them aU 
as special forms of growth of a smgle species (“ BoAiteriym ruheacena ”). This un- 
proved pleomorphism we declined to recognise at the time, but must now revert 
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to it in order to append the remark that, though we are nob indebted to the last 
named worker for any revelations regarding the morphology of these organisms 
we have to thank him for an exhaustive study of their colouring matter, whicl 
he termed bacteno-purpurin A form similar to OhromaUum Ohenii was dis 
covered by E Wabming (I ) on the coast of Seeland and afterwards examinee 
by Oohn, and by him entitled Monas Wat'mingn (Fig. 35), so that Party’s pro 
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position with respect to the generic name Ghi'ornativm seems not to hav< 
been accepted by the Breslau bacteriologist Whilst the species hithertc 
mentioned differ among themselves in point of size, but not appreciably ir 
form, and all more or less correspond with the plump, short rods shown ii 
the drawing, a second group of similar species exhibits the spinUum form o1 
growth One example of this is afforded by Spirillum ruhrvAn (Fig. VI 
Plate I ), a second being the Sp^nUum voluta/as^ shown in Fig. 36, and a thirc 
the Ophidomonaa (Fig. 37), described by Ehrenberg. A third sub-group finally 
comprises organisms of elongated spindle form, and therefore resembling r 
whetstone in outline , e g. Rhabdomonas rosea (Fig. 38) — 4-5 /* wide anc 
20-30 fi long — first observed and described by Oohn. These organisms are noi 
infrequently to be found in ponds and lakes ; sometimes being so abundan' 
as to colour the wai&r red. A senes of observations respecting such occurrencei 
was made by Charles Moreen (I ). 


§ 92. — Influence of the Individual Colours of the Spectrum. 

The necessity for a separate consideration of these red species, gioupec 
together by Enqblmann (V.) as purple bacteria, is soon apparent when ai 
attempt is made to study their physiology. The bacteria described in thi 
previous chapter, of which Mia^ococous prodigioaus may serve as an example 
also produce red colouring matter , but, in their case, the latter is a mere iner 
waste product, appearing under certain conditions, or absent under others 
without the growth of the cell being thereby seriously affected Contrary ti 
this, the purple bacteria do not excrete any colomdng matter into the environ 
ment, but the pigment occurs exclusively within the cells (Fig 39) in the pai* 
of the contents which immediately adjoins the cell- wall, and which is desenbej 
in chapter li as the parietal layer The bacteno-purpurin is not always distri 
buted throughout the whole of this layer, but is frequently restricted to isolate< 
spots therein, and, in exceptional instances, is altogether absent. It is no 
present in any definite shape, such as granules, bands, or plates, like the chloro 
phyU of the higher plants, but occurs diffused in the plasma. 
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t It has aJreaxiy been stated in chapter lin that the purple bacteria exhibit 
jgreat avidity for hght, and therefore always strive towards the sunlight. 
Olosdr observation shows this behaviour to be intunately connected with the 
presence of bacterio-purpurin. It was a happy 
thought on the part of Engelmann to investigate 
the nature and extent of the influence exerted on 
the vitahty of the purple bacteria by the several 
colours of the spectrum. 

If a preparation nch in such orgamsms be 
pllEwed in a drop of water, and a micro-apectrum of 
a few miUimetres in length be projected thereon, 
a rapid movement towards certain parts of the 
spectrum will be observed under the microscope, 
the organisms collecting and resting there in micro- 
scopically visible bands. By quickly killing the 
cells they will remain in position and constitute a 
permanent preparation, 01, as Engelmann appro- ^lo 39 — Chromacinin Okenii 
pnately named it, bactenospectrogram. This, when optical lonffitndinai sectton 
submitted to examination, is found to correspond, TLcccii-waiicthetiUckneBsoiwUlcU 
with the absorption spectrum of bacteiio-purpuiin, ih Bomcwiiat cxog^ratcd lu tue 

showmg a shaiply defined band in the ultia-ied immediately adjoins the 

/ i o\ obiter layor of prott)plaMn, which 

(wave length X = o 9 to o 8 /i) , a second, Jess powei- carrier the colouring matter— 

ful, small band in the orange (X = o 61 to o 58 p) , bUowu ae flue dots Lartfe aoi- 

and, finally, a pale washed-out band in the gieen phur ffruniUt a are piesout in the 

(X«o.55 to 0.53 jx). Edgelmann then deteimined 1600 (Arte) f, Foraur) 

by an accurate quantitative photometiic examina- 
tion, with the aid of the bolometric method, that a remarkable ratio prevails 
between the intensity of the physiological action and the extent of the absorp- 
tion, t.e the attractive force of a given colour of thespectium is greater in 
proportion as the latter is retained by the colouiing matter Eiom this is 
deducible the further conclusion, that the puiple bacteria have great need, not 
merely of bglit in geneial, but of cei^tain components thereof in particular, 
and especially those coi responding to the lines A^, D, E, of the spectrum 

§ 93,— Assimilation and Oxyg’en Elimination. 

This behaviour of the purple bacteria, unique in the bacterial kingdom, 
reimnda one so much of the connection between light and the activity of chloro- 
phyll in the higher plants, that not only does the question n atm ally arise as 
to the nature of the reactions occurring under the influence of the selected 
rays, but also the idea that here likewise there is assimilation accompanied by 
the elimination of oxygen. This is, in fact, the case, the pm pie bacteria 
excreting oxygen m the presence of light. 

Engelmann (YI.) proved this in a variety of ways. One of hia experiments, 
which demonstrates it m a very elegant manner, is based upon that alieady 
given m § 41. Quiescent forms, resembhng a zoogloea, of one or other of these 
species are employed, a portion about 2 sq mm in size being placed in a drop 
ot water To this are added a number of aerobic organisms {e,g, SpvnUam 
ienue^ Sp urhdida^ various infusoria, &c ), capable of reacting on even small 
quantities of oxygen, and the cover-glass is surrounded with vaseline to prevent 
the admission ot air. The oxygen dissolved in the water is very quickly 
exhausted, and the organisms come to a standstill If, now, the preparation be 
illuminated, it will be seen directly that the wandeiers scattered about rise and 
1 H 
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hasten to the red skin where the oxygen they need is produced. On the other 
hand, when replaced in the dark, they disperse again in all directions. That 
oxygen is the attraction is demonstrated by the circumstance that the pheno- 
menon just described does not occur when the experiment is performed on a 
preparation th^ cover-glass of which is not made air-tight, and to which air can 
consequently penetrate by diflFusion. 

This peculiarity gives the purple bacteria a unique position amongst the 
Schizomyoetea as a connecting Imk between them and the green plants. Prom 
its capacity of converting the actual energy of light into potential chemical 
energy, and of changing vibrations of light into force, bacteno-purpunn deserves 
the title of a true chromophyll, since it plays in the purple bacteria the same 
r 6 le as chlorophyll does in green plants. These two substances are antithetical, 
accomplishing similar tasks by diflFerent methods of working. On more closely 
examining the individual spectral colours for their power of eliminating oxygen, 
this latter faculty is found to be proportional to the absorptive capacity of 
bacterio-purpunn for the colour in question. The maximum effect is produced 
in the case of the aforesaid ultra-red rays {X = o 8-0.9 /li), whilst, on the other 
hand, the rays between the lines B and 0 are inert. With chlorophyll the 
converse is the case, this being quite inactive in the ultra-red rays, and exertmg 
its greatest effect m the red rays (between B and 0 ) 

The aforesaid ultra-red rays (\ = 0.8 to o 9 yu) are well known under th'e 
name of “ invisible heat rays," being inappreciable to the eye as light The 
discovery that they are the rays that not only enable the purple bacteria to 
exhibit activity, but also spur the latter on to their highest degree of efficiency, 
allows the wider conclusion to be drawn that the elimination of oxygen through 
the activity of the vegetable cell is not depmdent on the co-operation of visible 
light rays^ but may also proceed in the dark. 

So far for the facts , but looking beyond them, it may be asked if the faculty 
of absorption in the dark is inseparably connected with the presence of bacteno- 
purpunn, or if there are also colourless bacteria similarly endowed The answer 
to this query will be found in chapter xxxvi., which treats of nitro-bactena. 
This is a matter of such great interest as to deserve special consideration ; at 
present, uherefore, we will merely review the facts hitherto discovered in the 
case of the purple bacteria, their general importance being so great that we 
shall certainly not regret having bestowed attention on these organisms, not- 
withstanding that they are devoid of technical application. The scientific 
harvest they are capable of yielding is, however, still far from being exhausted. 
It will be remembered that it is in the outer layer of the inner substance <Jf the 
cell of these red organisms that this very influential bacterio-purpunn has its 
abode, and that the central substance is surrounded by this layer. The study 
of this from a morphological standpoint by Butschli led to the conclusions 
respecting the structure of bacterial plasma already recorded in an earlier sec- 
tion. The investigation of the physiology of this central substance has yielded 
a second series of weighty results, which will be given in chapter xxxv. 



CHAPTER XIV. 


CHROMOPAROUS BACTERIA, PRODUCING BLUE, GREEN, AND 
VIOLET COLOURING MATTERS. 

§ 94.— Blue Coloration of Milk 

is a phenomenon known from time immemorial. The opinions as to its cause 
are widely divergent, but the earliest of them are at present only of historical 
interest. They may be found in Martint's (I.) useful handbook, which (it may 
be parenthetically observed) affords a rich supply of information respecting the 
hterature published on milk, butter, and cheese up to the year 1871 

The first to arrive at the opinion that the blue coloration of milk might 
proceed from some external infection penetrating into the hquid, was Steinhof (I.) 
who, however, made no attempt to prove by experiment the correctness of his 
hypothesis. This was only effected three years later, viz., in 1841, by 0 . J. 
Fuchs (I ), who inferred from the results obtained during numerous inoculation 
experiments and much microsopic research that the blue coloration of milk is 
induced by the development of a pigment microbe, which he first named 
cycmog&m^ and then Bacterivmi syncyaneum. 

Unfortunately, however, for the study of this question, Liebig just at this 
time promulgated his theory of fermentation, and fetterad philosophers in his 
dogmatic shackles. This explains why Haubner (I ) lost sight of the object for 
which Fuchs had striven, and, by endeavouring in 1852 to adapt the result of 
his numerous and careful experiments on this pomt to preconceived opinion, came 
to the conclusion that the blue coloration of milk is not caused by vibrions, but 
by a lifeless chemical ferment contained in the decomposing casein If, then, tins 
work is mentioned now, it is not for the purpose of controverting its untenable 
conclusions, but because it contains an instructive description of the development 
of the milk disease in question. It runs verbally as follows 

“Under ordinary domestic conditions blue milk occurs only in the warm season, 
and persists from early summer to autumn. In small households where the milk 
is not kept in a separate chamber, but in warmer apartments (living rooms), the 
evil may be prolonged through the winter A case of this kind is recorded by 
Steinhof as lasting for twelve years, without interruption, m the house of a farmer. 
The blue coloration appears from tvpenty-four to seventy-two hours after the 
milk is drawn from the cow, the process bemg accelerated by warm, clo^e weather, 
and retarded by cold. At a temperature of i5°-2o° R {i8J°-25® 0 .), it may 
ensue in twenty hours — the shortest limit of tune observed by H — whilst, at 
only a few degrees above zero, it may linger on to the seventh day. The colora- 
tion always begins to form at the surface, never in the depths of the liquid, and 
generally appears at first as isolated patches or dots, immovable, and increasing 
m circumference and depth, so that there are various stages, ranging from 
smgle superficial patches to almost complete impregnation of the mass with blue 
colour. ’’ 

F, Nbblsen (I.), in 1880, took up the work commenced by Fuchs. Oonvement 
and reliable methods of pure cultivation were, however, laclang at that time, and, 
in fact, the cultures prepared by Neelsen, when subsequently examined analytically 
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at the laboratory of the Berlin State Board of Health, were found to consist of a 
mixture of four species of bacteria, only one of which proved capable of develop- 
ing blue coloration in milk. This one was named by Hueppb (IV.) BwcMua 
laoiia oyanogmu 8 , and consists of actively motile, spore-producing rods, o. 3- 
o 5 /X broad, 1-4 /x long, such as are shown photographically m Fig, III. of Plate I 
They are non-liquefacoive towards gelatin, and are extremely sensitive to higher 
degrees of acidity in the medium, a ciroumbtance explaimng the facts (noted by 
Haubner) that sour milk does not turn blue, and that blue patches produced in 
sweet milk cease to spread when the latter turns sour. 

This fission fungus is highly aerobic, and consequently requires oxygen as an 
essential factor for its development. In order that this need may be supplied 
the organism always grows on the surface of the liquid, so that the colour ie 
produced in that situation solely, and only becomes disseminated through the 
bulk of the milk by diffusion. 

This microbe grows not only on milk (and equally well on human milk as on 
that of the cow, ewe, goat, mare, ass, and dog), but also on many other media. 
On several of these {e p. almond milk, boiled nee, boiled potatoes, vegetable 
casein, Oohn’s nutrient solution quahfied with ammonium lactate) it also develops 
colouring matter which, on the other hand, is not formed in cultures on amma^ 
albumen (egg-albumen, blood serum), gum, and a few other media In artificia 
inoculations the period of incubation, i c., the time elapsing between the in 
oculation and the visible appearance of the bine coloration, is found to be about 
twenty hours, but, as Haubner ascertained, depends on the prevailing tempera 
ture. Milk with a tendency to this disease transmits the property to the buttei 
prepared from it. 

The colouring matter is not stored up within the cell, but is merely producec 
theie and excreted into the surrounding medium ; Baodlua laUia oyanogmu> 
18 therefore chromoparous. The constitution of the colouring matter has no 
yet been determined with accuracy, but 0 . Ehdmann (I.) was led by his com 
parative experiments to consider it as one of the aniline group, viz,, tnphenylrosani 
line. Neeleien’s endeavours to prepare it in a pure condition were frustrated bj 
reason of its instabihty. Dilute solutions of acetic acid, hydrochloric acid, phos 
phone acid, sulphuric acid or nitnc acid produce no noticeable alteration. Ammoni 
gives nse to a violet tint, whilst under the influence of the hydroxide or the car 
bonate of potassium or sodium, conversion into a beautiful rose red occurs, th 
original colour being restored by acidification. Frequently the low degree o 
acidity of the milk, under which condition the bacillus is still able to develop, is in 
sufiicient to enable the colouring matter to assume a deep blue tint. The colon 
of the surface of the hquid is merely greyish-blue, and only becomes a pure 
full blue when the lactic acid baoteria come into action and raise the acidity t 
a sufficient degree. The colour shade in individual instances may exhibit an 
intermediate tint between a dehoate hght blue and the deepest indigo. Accord 
mg to Neelsen, the absorption spectrum of this colouring matter, which consist 
of the strong lines E and F and of a broad band in the yellow, is almos 
identical with that of triphenylrosaniline. From the researches of 0 . Gessae 
(I ) and K Thumm (I ), it appears that BadUus eyemogenus also pioduces, 1 
addition to the blue colouring matter, a yellow fluorescent substance. L Hei 
(III.) and P. Behe (I.) have given an account of a variety of this bacillus thf 
had lost its faculty of producing colouring matter in nutrient gelatii 
nutrient agar-agar, and skim milk W. Zangemeister (I ) found on milk thi 
turned blue spontaneously a fission fungus {B cyaneo-fluoreaceTis) allied i 
BoGdlua Gya)iogenuH, further particulars of the properties ot which will be foun 
in the treatise referred to. 

BaciUua cyaihogenua is not injuiious to health. The poisonous propertr 
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attributed to blue milk by early observers — Steinhof and Hosier — have beei 
controverted by Haubner, therefore, if illness has actuaJly ensued on the con 
sumption of such milk, the fission fungus in question was not to blame. Harm 
lessness apart, blue milk is not a merchantable article, and its sale should b( 
prohibited, since its appearance is, to put it mildly, unappetising. 

Since’ the causes of this blue coloration in milk have become known, ifa 
occurrence has, as a rule, been very limited , and when it is observed, many wayf 
of combatmg it are employed, chief among them being scrupulous cleanliness in 
all appliances and utensils with which the milk comes into contact The dairy 
or milk-room is then thoroughly sulphured several times, and, finally, a little 
salt or Glauber salt (sodium sulphate) is added to the cows' dietary. This last 
named remedy must, however, be employed with discretion, since, under certain 
circumstances, it may prejudicially afiect the health of the animals and the 
composition of the milk, as was ascertained by B. Hess, B. Schapper, and 
M. Lang (I ). The milkers' hands and the cows' udders should be carefully 
•washed before milking. The sudden appearance of the evil, and its frequent 
disappearance after a change of fodder, permit the conclusion that the bacillus 
occurs not infrequently on certain vegetables, from which it finds its way into 
the dung of the animal and thence into the milk 

As has already been stated, the blue coloration of milk by bacterial agency is 
effected gradually when the liquid is left to stand, and first makes its appearance 
on the surface. If, on the other hand, the milk is of a bluish or blue colour 
when freshly drawn, this results from the cow having partaken freely of the 
flowering rush {Butomus wimhdlatui)^ which contains a blue colounng matter 
(indigotin ?) that is taken up by the gastric juices, conveyed m an unaltered 
condition into the arterial circulation, and thus finds its way into the milk, 

§ 96.— Blue Coloration in Cheese. 

This IS an evil to which the Dutch dairy industry is particularly liable. 
Since it very often makes its appearance only after the ripening stage is over — 
that is to say, at a time when the article has already paased into the hands of the 
salesman — it is the cause not only of monetary loss to the cheese-maker, but 
also of unwelcome complaints on the part of the purchaser. The phenomenon 
manifests itself in various forms. Either the whole bulk of the cheese is of a 
bluish cast, or exhibits blue patches internally, or, finally, is intei'spersed with 
blue spots {Dutch, “stipjes") from i to 2 mm to yV inch) m diameter, the 
latter form (blue gram, DuAch, “ blauwBfcippigkei-b ") being the most common. 

The cause.s of blue cheese are twofold , one of them being chemical, and due 
to iron sulphide, as was demonstrated by M Sohmoeger (I.) and Th Klarver- 
WEEDEN (I ). Noimal cheese contains but a very small quantity of iron , Cheddar, 
for instance, ha'ving o 009 per cent., Gouda, o on per cent , and so on. If, 
however, a larger quantity of iron obtains admittance to the milk or freshly 
precipitated curd, it will then gradually, dnnng the ripening proca^sp, enter into 
combination with the sulphuretted hydrogen separated from the albumen by 
bacterial action, and will form iron sulphide, which, as is well known, exhibits a 
blue shade when in a dilute condition. When the iron hals been admitted in 
the soluble form, then cheeses coloured a fairly uniform bine or bluish shade 
throughout will result If, on the other hand, the metal be present m coarser 
particles, e ^ in the form of rust, then a patchy-blne or blue-gramed cheese will 
be obtained. This explains the more frequent occurrence of the phenomenon 
since the mtroduction of the centrifugal machine into the dairy industry, the 
numerous rivets of the iron cylinder of this machine being, as demonstrated by 
Schmoeger, so many sources of contamination of the milk by rust. Careful 
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tinning of the interior of the cylinder is therefore advisable^ and should be 
renewed in good time. One observation made by Klarverweiden still remains to 
be mentioned, viz., that the frequency of the occurrence of blue cheeses m Holland 
is coincident in point of time (August and September) with the highest per- 
centages of the u'on bactenum, GTmolhnx KUhnianay in natural waters. 

Blue cheese may, however, also result from the activity of micro-organisms. 
H. DB Ybies (I.), m 1887, asserted that a nucroscopioal examination showed 
that the blue dots in question ought to be considered as colonies of a blue pig- 
ment bacterium ; but he made no attempt to prepare cultures thereof. The 
subject of his investigations was Edam cheese, a tind very frequently affected 
by blue grain. Bbtebinok (X.) identified, as the cause of this disease, a fission 
fungus which he named Bomllm oyaneo-fuacus. However, before proceedmg to 
the consideration of the properties and functions of this organism, we must 
devote a little attention to the microscopy of cheese. 

The structure of sound cheese, as exemplified by the appearance of thin 
sections immersed in water under the microscope, is made up of the following 
elements. The ground mass or matrix consists of amorphous casein enclosing 
small drops of fat and bubbles of gas, which are, however, for the most paiij, not 
spherical, but irregular in outlme, owing to the pressure of the enveloping curd. 
Along with these two enclosures — readily detectable by their optical and micro- 
ohemical behaviour — a closer examination will reveal crystalline spheroids of a 
substance allied to or identical with tyrosine ; also yeast cells, and, finally, a 
large number of bacteria. The crystalline spheroids are oval or kidney-shaped, 
and about as large as big yeast cells (some 10 /x long by 8 /x broad). Each of 
these crystalline aggregations exhibits (like starch granules) a central nuclear 
spot, around which the crystal needles are arranged radially, and constitute in 
their totality a crystaJlme spheroid. A thin section cut from a blue patch or 
speck of a blue cheese reveals, in addition to these normal constituents, sundry 
granules of colouring matter, mostly bluish-black, but frequently brownish in 
colour, and forming the aotu^ pigmentary substance The crystalline spheroids 
are also highly coloured. Bacteria will be found more plentifully assembled in the 
centre of the blue patch or dot than m any other position. The (usually globular) 
colour granules, the diameter of which varies from i to 5 /i, are an excretory pro- 
duct of the Bacillus cyaneo'fusousy which can be isolated from the blue patches 

The dimensions of this motile microbe vary according to the conditions of 
nutrition. On nutrient gelatin the cells ‘grow to a length of i. 0-1.5 M ^7 
02-03 /X in breadth ; whereas in a solution of o 5 per cent, of peptone in ditch- 
water they only develop to o 3-0 6 /x by o 15 /x. If we follow up the alteiations 
gradually occurring m a culture of this fission fungus in the latter medium at 
10° 0 , we find that after four or five days the liquid, which has hitherto been 
pale yellow, assumes a more and more decided greenish cast. A sample taken 
from the bacterial skm covering the surface discloses two constituents a number 
of colourless rods connected to form bands, and, secondly, lying between them, 
the blue pigment granules, almost globular m form and 1.5-3 S diameter 
The colour of the liquid then successively changes by degrees (beginning at the 
surface) into brownish-grey, brown-black, and finally into persistent yellow, the 
conversion being effected by the oxidising influence of the air, which slowly 
decomposes the blue colouring matter and forms brown intermediate products, 
all finally oxidised to a colourless compound The micro-ohemical analysis of 
these pigment granules shows them to consist of a framework of albuminous 
matter on which the pigment crystals rest, but the constitution of the colouring 
matter itself has not been established, although Beyerinck, on experimental 
grounds, consideis it to be allied to indigo. It resists the reducing action of the 
bacteria in cheese, especially those productive of lactic acid. 
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Bacillm cyaneo-fuacus is very susceptible both to desiccation — on which 
account it is not found in atmospheric dust — and high temperatures, as also to 
acids This explains why the microbe cannot be cultivated from the blue granules 
in old ripe cheese, smce it is no longer alive therein, but has succumbed under 
the influence of the lactic acid (of which Edam cheese, for example, contains 
between i 3 and t.8 per cent ) produced from lactose by the other bacteria in 
the cheese during the ripening process. Considered from this standpoint, the 
good result obtained by so-called ropy whey (a culture of long thread and lactic 
acid bacteria, more particularly described in chapter xxix ) as a preventive of 
blue grain becomes obvious. Since, as already stated, oxidising agents destroy 
the colour, it has been pioposed by De Vnes to decolonse blue cheese by ex- 
posing it for some time to the action of oxygen in a closed vessel 

This BaciUus oyaneo-fuacua (not infrequently met with in natural waters and 
soils) is the sole species that as yet has been positively identified as capable of 
producing blue grain in cheese. It is uncertain whether this faculty is also 
inherent in other organisms, though Hollman, who, in his “ Haiidboek voor den 
Kaasmaker ” (•* Oheesemaker’s Handbook ”), deals thoroughly with this disease, 
asonbea the responsibility for its appearance to Bcwilhha cyanogmua — an assump- 
tion which, however, according to the inoculation experiments conducted in this 
connection by Adametz and Beyerinck, is untenable. 

For the sake of completeness it should be recorded that, according to Beyer- 
inck’ s report, Baadlus cyameo-fuscua has been found to make itself unpleasantly 
apparent in a glue factory by giving rise to black glue, which, by reason not 
only of its undesirable colour (due to the pigment developed by the microbe), 
but also of its diminished setting power, was thus seiiously depreciated ir^ value 
and merchantable quality. The source of infection was discovered in a dirty 
pipe previously used for the conveyance of ditch water, and afterwards for 
dehvering the finished glue into the setting pans. When this pipe was cleansed 
the evil disappeared entirely 

§ 96 .— The Fermentation of Indigo. 

As IS well known, the indigo so highly prized for dyeing, and constituting such 
an important ai'ticle of the world’s commerce, is obtained from certain species of 
the Leguminous genus Indigofera. The province of Bengal alone produces from 
Indigojera iinotona over twelve millions of pounds of indigo per annum, the 
value being about ;^2,ooo,ooo sterlmg. Some five hundred thousand workers 
make a livelihood in that province by the cultivation and treatment of this plant. 
The colouring matter does not exist ready formed m the plant, but is devdoped 
therefrom by the fermentation of a glucoside constituent known as indican. The 
plants are cut down shortly before fioweiing-time, and are left immei'sed in a 
hve to eight-fold quantity of water, to undergo a continuous fermentation for 
eight to fifteen hours at an atmospheric temperature of 25°-35° 0., the liquid 
gradually becoming yellow m colour, with an alkaline reaction, and throwing up a 
blue- violet scum. The most important of the fractional processes constituting this 
fermentation is the splitting up of the indican into sugar (indiglucm) and indigo 
white, which remains in solution in the alkaline liquor. The liquor is then drawn oflf 
into another vessel and beaten with rods, whereby numerous and fresh pomts of 
attack are presented to the air and the indigo white (OigHjaKjO,) is oxidised by 
atmospheric oxygen into mdigo blue or indigotin (OigHjoNjOj), which is precipitated 
as an insoluble body and deposited at the bottom ot the vessel The sediment is 
then boiled in a pan, strained through cloths, dried, and brought into commerce 
m the form of irregular fragments, cubes, balls, &c. 

Several noteworthy observations on the organisms taking part in this 



130 CHROMOPAROUS BACTERIA 

fermentation have been recorded by Alvaeez (I.). The fermentation may be 
performed on a small scale by comminuting fresh leaves of the mdigo plant and 
leaving them to stand in water, whereupon fermentation, attended with evolu- 
tion of heat, will ensue in twelve to twenty-four hours, the surface of the liquid 
becoming covered with a thin blue skin, which, when broken, subsides to the 
bottom and is succeeded by a new one. Microscopical examination shows that 
this skin consists of bacteria surrounded by fine blue acicular crystals. A 
sterilised extract of the leaves, when inoculated with a little of this skin, 
exhibits normal indigo fermentation, whereas without inoculation it remains 
unaltered even when' air is freely admitted. Indigo fermentation is therefore 
due to the activity of a fi'^sion fungus, the Bacillus %nd%gogmus^ which is asso- 
ciated in the said skin with other species of bacteria that need not he taken into 
account here. This bacillus is of variable dimensions, but generally 3 /ti long and 
1.5 /i broad, and is always surrounded by a gelatinous envelope Its microscopic 
appearance is almost the same as that of Medlander’s pneumonia microbe (see 
iSg. 7), and being motile, it is thereby able to collect at the surface of the liquid, 
where the desired supply of oxygen is found. It also produces a disengagement 
of gas, to which the formation of a froth or head on the hquid is attributable 
When introduced into the blood of the guirea-pig, BatyiUus %nd%gogmu 8 proved 
pathogenic, and therefore belongs to the group of organisms endowed with both 
zymogenic and pathogenic properties A second observation made by Alvarez 
is also worthy of note, viz., tjaat the microbe of pneumonia can set up indigo 
fermentation, whereas on the other hand many other nathogenic bacteria proved 
incapable of so doing 

Apparently unacquamted with these results obtained by Alvarez, 0 J. van 
Lookeren (I. and IT ) expressed the opinion that the decomposition of mdican 
IS not produced by micro-organisms, but by an enzynae present m the living 
protoplasm of the leaf-cells The reasons whereon this hypothesis is based do 
not, however, carry conviction, since attempts made to isolate the alleged enzyme 
proved unsuccessful. Apart from this, however, the treatise can be read not 
without profit, and it also affords several welcome supplementary additions to 
the bibliographical references collected by G. v. Georgibwigz (1.) in his mono- 
graph on indigo. 

Alvarez’s reseaiches ought to be regarded as a thankwoi'thy preliminary work 
incentive to further study of the subject, but they do not afford a closer insight 
into the progression of the fermentation process m question. It is in this case 
not merely a matter of determining the nature of the ferment or ferments, but 
rather of the solution of a whole group of problems of both scientific interest 
and technical importance. Commercial mdigo, ae is well known, contains, in 
addition to indigotin, a number of other organic constituents, such, for instance, 
as the indigo red or indiruhin, isomeric with the blue and soluble in alcohol , 
also indigo brown, obtained by treating the indigo with alkalies , and finally, 
indigo gluten, soluble m dilute acids. The proportion of these subsidiary 
constituents influencing the shade of the colour is variable in different samples 
of indigo. An investigation of the conditions affecting their production is a 
necessary preliminary to the establishment of the most suitable method of 
fermentation, capable of yielding, on the one hand, the maximum quantity of 
indigo (in Lookeien’s experiments 0.2 per cent of the weight of the plant), 
and on the other, producing at will any desired variety of the pigment A very 
promising field of profitable enterprise is thereby opened up to mycologists 
residing in the districts where the mdigo plant is cultivated. Moreover, it is 
incumbent on fermentation physiologists in the centres of consumption to study 
the fermentation of the indigo dyeing-baths — the woad-vat, the so-called potash 
bath, and, finally, the urine bath — the preparation and employment of which are 
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carried on according to old-fashioned rules and without any knowledge of the 
internal reactions occurring therein. One thing is certain : these reductions are 
not purely chemical operations, but are true fermentations, as already emphasised 
by A. Fitz (IV.) in 1878. Frequently they proceed in an undesired direction ; 
two such maladies of the indigo bath being destruction of the colour, and 
blackening. However, as regaids these, mycoJogical investigations are still 
lacking. 

§ 97.— Varieties of Bacillus Pyocyaneus. 

The number of bacterial species capable of producing blue colouring matters 
is by no means exhausted by those mentioned in the three preceding paragraphs 
A fourth, which has been repeatedly referred to m eailier chapters, is the Ba<yilhi& 
pyo(^anm 8 ^ desOTibed by 0 . Gessaed (II ), This organism, conveyed m atmo- 
spheric dust, comes in contact with the pus exuded from wounds, and developing 
therein, produces, as its name implies a coloration ranging from blue to verdigris 
green. This microbe, which really belongs to pathological and not to technical 
mycology, is very mutable — a property which must also lie briefly dealt with here 
In addition to the blue pigment designated pyocyanine — ^which may be separated 
from the cultures byshaking them up with chloroform, and which was flrst prepared 
in the pure crystalline state by Foanos (I) — the parasite in question, when 
cultivated m bomllon, produces a green fluorescent colouring matter By skil- 
fully modifying the conditions of nutrition Gessaed (III and IV.) obtained three 
varieties, morphologically indistinguishable, one of them producing only pyocya- 
mne, the other only the fluorescent pigment, and the third no colouring matter 
at all. Whilst tliese ’three varieties can be re-transformed into the typical 
species, such change cannot be efiected with a fourth variety, cultivated by 
Ohaeein and Phisalix (I ), which had permanently lost its chiomogenic faculty. 
Unaware of this variability, P. Eenst (III.) proposed to distinguish between two 
species — BihGilinis pyocyanevs a and /3, a course winch Ge'jsard considers incorrect 
In contradiction to the results obtained by the latter worker, and confirmed by 
Hans BtJOHNEE and Koheee (I.), K. Teumm (I.) asserted that B pyyocycmeuB 
produces only a single pigment, the blue Undoubtedly this investigator, as a 
result of the system of cultivation preferred by him, unwittingly deprived the 
bacillus of its property of elaborating the gi'een fluoi-escent colouring matter. 

During the past two decades there has been isolated from water, air, and soil a 
number of blue-producing species of Schizomycetes, which, howevei, are of no 
special importance, and can therefore merely be mentioned here, though fully 
described m Eisenberg’s work. They are obtained by Zopf 

from the river Panbe, Berlin , Bamliibs herohiieTi^sis indicus^ by H Claessen (T ) 
from the Spree; Bamllua by Plagge from Beilm town-water, Bacilhis 

by Allen J. Smith (I.) from the water of the Schuylkill river It is 
probable that these species are chromoparous, as was established with certainty 
in the case of a fission fungus obtained by Yoges from natural water in Holstein 
(and also named Bac%llu 8 ccervleus)^ which excretes the blue colouring-matter 
into the surrounding medium, where it collects into small granules 

At the present time a fairly large number of species producing violet 
pigments are known , they are found in the same places as the above-named, and 
are equally of little practical importance. A few may be cited as examples, the 
oldest species known being the Baoteridvum violaceum, observed by Schroeter, 
and named Micrococcus molaceus by Oohn This organism develops on solid 
media (gelatin, potatoes, &g ) to solid-growing violet-blue colonies In contrast 
to this IS Bacillus 'wioZocews, which liquefies gelatin and produces a deep violet colour 

Bacillus membranaceus amethyshnus was discovered by Jolles in Spalato well- 
water, and produces a dark violet pigment exhibiting a metallic lustie. 
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§ 98.— Green Bacteria 

were observed by Sohroeter, and Ookn (I ) named one such species (producing a 
sap-green colour) Micfi'ococous cMorinus, Yan Tibghem (HI.) introduced into the 
literature of the subject two new green non-motile species under the names of 
BcLGtefi'wm vvnde and BctciUrjbs vir&na. The BactenuTii chlorinvm^ discovered by 
Engelmann (YII.), is “lore haghly interesting. It is endowed with powers of 
locomotion, and when present m microscopic preparations where there is a lack 
of oxygen it strives to reach such spots as are illuminated by white, yellow, 
or red light. The three last-named species are not chromoparous, but chromo- 
phorous bacteria, W. Symmers (I ) described a Baoilluswi'ida/iia, Reference may 
be made in this place to a treatise on the green bacteria by P A. Dangeaed (I.). 

Ghceen fluorescent transformation products are excreted by very many species 
of bacteria, a number of which ai^e described m Eisenberg’s work. At present 
mention of three will suflice, viz , the gelatin-licpiefying Bacdhbs Jluoo*eBcen 8 lique- 
faciem^ and the Baoillua fiaoresmis nonrUquefaoieTia^ which grows on the same 
medium into solid colonies. Both organisms occur in natural waters The 
author in 1891 discovered a fission fungus of very frequent occurrence m Munich 
butter, and named it Bacdlus hutyri fluorescena, 

0 . Qbssard (Y ) recorded a beautiful observation in connection with the 
formation of fluorescent pigment by BcuMlhta pyocyanma. This substance is — in 
the case of nutrient solutions prepared artificially from mineral salts — produced 
only when phosphates are present m quantity equivalent to at least o 25 grm. of 
potassium phosphate per litre When this supply is reduced, the orgamsm 
develops, but produces no fluorescence This behaviour is also exhibited by 
other fluorescent bacteria, so that these can therefore be regarded as veiy delicate 
tests for potassium phosphate. 

K. Thumm (I ) comparatively examined a number of bacterial species 
yielding fluorescent cultures, viz., BoGillua Jiuoreacena imuxa^ B fl putidua^ B Ji, 
alhua^ B, 6 rythro 8 po’i*ua^ B mridana^ B pyocya/iieua, Baoterium ayoioyanevm 
(JioinUua ayncyaneua) These species pioduce, in alkaline gelatin, a fluorescence 
initially sky-blue, but afterwaids moss green, caused by an excieted yellow 
pigment, which is formed only when the mediiun contains magnesium sulphate 
and potassium phosphate. 

The green coloration of cheese is, as first determined by Carlo Besana (I ), 
due to the presence of copper, this evil being especially manifested by Lodisan 
cheese, the Parmesan cheese produced in Lombai’dy— di gra/na 
lombardo. The mitially yellow cut surface of this cheese becomes green by 
exposure to the air. Por the successful preparation of this cheese a certain 
fairly high degree of acidity m the milk — equal, according to J RavI (I.), to 
0.22 per cent of lactic acid — is essential, and therefore it is the custom m 
Lombardy to leave the milk to acidify in untinned copper vessels, whereby it 
takes up a considerable quantity of copper. In fact, the progress of the souring 
IS determined by the gradual disappearance of the metallic lustre from the 
previously polished surface of the vessels. G. Maeiani (I ), who examined 
twenty-five samples of these cheeses for their content of copper, found the 
minimum to be 54 mgi*ms of Cu per kilogrm, of cheese, and the maximum 215 
mgrms., the average per kilo of Lodisan cheese being loo-iio mgrms. of 
copper. That this metal alone is actually lesponsible for the green coloration of 
cheese is evidenced nob only by comparative laboiatory experiments with tinned 
and untinned milk vessels, but also by the fact that the Parmesan cheeses made 
aouih of the river Po (especially in Reggio), and brought to Parma for sale, 
undergo no alteration in their yellow colour when cut. In that region, however, 
the milk is left to acidify in wooden tubs. 
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PHOTOGENIC BACTERIA. 

§ 99.— The Genus Photobaeterium. 

The first occasion of witnessing the phenomenon known as marine phosphorescence 
will never be forgotten by the beholder The boat cleaving the gleaming waves 
inscribes its track m glittering lines, and every movement of the water causes 
pronounced phosphorescence. A rain of sparkling drops of light trickles from 
the poised oar, each apparently becoming the centre of fresh evolutions of light. 
This phenomenon, the sight of which is calculated to captivate the senses of the 
coast-dweller, and lead him to forget all trouble for a time, has a counterpart 
which filled the mind of earher races of mankind with terror and lent great 
support to credulity, viz , the phosphorescence of meat, fungi, and decaying wood 
in forests. It is only in our own day that an insight into the cause of this 
wonder has been gained, the microscope, in this case also, being the instrument 
used to open the door to knowledge. To devote a few words to this phenomenon 
would be in any event justifiable, on account of its general scientiiic interest ; 
and moreover, the matter cannot be avoided lu the present work, since some of 
the facts establislied in this connection also deserve a brief consideration, both 
from a chemical and a technical standpoint. 

The first attempt made to investigate this long-known phenomenon in a 
scientific manner was that of G. Fabbizio (I) in 1592. The treatises subse- 
quently published thereon (up to 1887) are to be found included in a historical 
and critical review of the subject written by E Ludwig (I.) This has been 
supplemented (up to 1891) by a work issued by 0 . Katz (I.) which may be 
referred to m this place. 

We are indebted to Pfluger for the first microscopical examination of this 
phenomenon. He examined, in 1875, the white mucus covering the surface of 
fish exhibiting a silvery phosphorescence, and found it composed of globules, 
frequently united to form chains. When these forms were mixed with water 
and the mixture passed through a doubled layer of dense filter-paper, the 
latter became phosphorescent, whilst the filtrate ceased bo exhibit this property, 
thus proving the phosphorescence to be due to the minute organisms themselves 
These, which weie recognised as bacteria, were m 1878 named Micrococcus 
pJiosphoreua by Cohn. Whtreas Pfiuger's studies were comeined with the 
carcases of phosphorescent salt-water fish, the first mici oscopical examination of 
the phosphorescent flesh of cattle slaughtered for food was made by Nuesch, who 
also found a fission fungus, which he named Bacterium Vucens, to be the cause. 
Ludwig, in 1882, showed that a transference of the mucus or phosphorescent 
sea-fish on to sound Einimal flesh rendered the latter phosphorescent in turn 
UnaWate at the time that the organism had already received two lames, 
he bestowed on it the title of M\ctococcujs Pflugem. This was the first phos- 
phorescent bacteria obtained (in 1885) as an undoubtedly pure culture. Three 
years later B. Fisohbb (II.) proved the existence of other species, three of 
which he himself described, one of them (from the West Indian seas) being 
named Bacillus fhos'pliorescens^ and the other two (found on Geiman shores) 
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he called respectively BoAt&rium pTiosphorescena and ** native phosphorescent 
bacillus ” 

In 1890 Beyeeinck (XI ) proposed the generic name of Photohacterivm for 
the entire group of phosphorescent bacteria, and more closely investigated the 
SIX undermentioned species; 

I. Photohacterxum PJiuger%, 

2 Ph phoBphoreBC&m 

3. Ph. = Fischer’s '‘native phosphorescent bacillus.” 

4. Ph Piachen^ Pact phosphor eacerha^ F. 

5 Ph. ~ BaalliLs phoaphfyrescma^ F 

6 Ph Ivmxnosfwni. 

With these six (motile) species Katz in his above-mentioned treatise 
nasociated a second half-dozen species collected on the coast of Australia, and 
Eijkmaetn (I ) added a thirteenth {Photohacf&num javanmse), repeatedly found 
by him on phosphorescent sea-fish in the market at Batavia 


§ 100.— The Food Requirements of Phosphorescent Bacteria 

formed the subiect of comprehensive investigations by Beyerinck, a few of whose 
multifarious results obtained therefrom may be given here. 

A remarkable difference exists between the first four and the last two of the 
six species named in the foregoing list. The fonoaer require at least two organic 
nutrient materials, the one (supplying nitrogen) being a substance resembling 
peptone, and the second a compound supplying the caibon * peptones alone, or 
amides and the like, by themselves producing neither growth nor phosphorescence. 
Ph vtidicfitm and Ph Ivmxnosum behave differently, peptone (or any other 
albuminoid substance) being of itself sufficient as an organic food-stuff therefor 

A slight addition of sugar to the medium increases the luminosity, but a 
higher percentage arrests both growth and phosphorescence, a circumstance due 
not to any injurious effect of the carbohydrate itself, but to the acids produced 
therefrom by the vital activity of the organism, the luminous bacteria thnving 
solely on neutral or faintly alkaline media Concerning the extent of the 
injurious content of sugar, and also the varying infl.uence exerted by the different 
saccharides, Beyerinck arrived at noteworthy conclusions in respect of his six 
species. Thus, for example, maltose is taken up by Ph phosphor escens, but is 
discarded by Ph Pflugein, Ph. F%scher% is very susceptible to cane sugar, a 
content of o 5 per cent sufficing to retard growth and suppress phosphorescence, 
whereas, on the other hand, Ph. hailtxcmm will stand 5 o per cent without injury 
A similar relation in respect of glucose obtains between Ph. lunnnomm and 
Ph %ndxcu 7 n, the luminosity of the former ceasing when the medium contains 
I per cent of this sugar, whilst the latter produces light even m presence of 
4 per cent. 

The SIX species of photobactena examined by Beyerinck are halophil, ^ 0., 
absolutely require sodium chloride, of which the medium must coutam at least 
3 ^ per cent. Consequently it follows that none of these species is able to thrive 
on the flesh of land animals slaughtered for human food The luminosity 
appearing on this latter substance is caused by other species, among them being 
the above-named M^crococcnis PJiug&n discovered by Ludwig The presence of 
oxvgen is essential to the production of phosphorescence, but is not requisite for 
mere growth. For preparing pure cultures a nutrient gelatin made from fish 
bouillon is employed, and, for cultivation on a large scale, boiled salt-water fish 
forms an advantageous medium. 
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§ 101.— The Luminous Bacteria as Tests for Enzymes. 

The different behaviour of Ph phosphcresceiis and PA. Pfiilgem towards 
maltose can be utilised when it is desired to ascertain whether this sugar is 
produced in any diastatic process. For this purpose plate cultures of the two 
organisms are prepared, a mixture of sea-water with 8 per cent oE gelatin, i per 
cent, of peptone, and J per cent. oE boiled potato-starch being used. On these 
cultures are placed small drops of a solution of the substance whose saccharifying 
properties are to be ‘tested Then, if this elaborates glucose or levulose from the 
starch, the (thickly sown) plates will shortly become luminous at the points 
affected, whereaa if maltose alone is formed, the culture of PA PflUgeri will 
remam dark In point of delicacy this reaction has but one compeer, viz , the 
Bunsen flame reaction, whilst in respect of the duration of the phenomenon it is 
unequalled. The method may also be used with advantage in the solution of the 
question whether any given microbe has the power of elaborating an enzyme, 
and if so, of what nature. Thus, for instance, if Saccharomycea Kefyr, a higher 
fungus occurring in Kephir granules, is to be tested on this point, a plate culture 
thickly sown with PA phoaphoreacerhs is prepared in a medium composed of 
sea-water, gelatin, and peptone. On several of these non-luminous plates are 
laid a couple of drops of an aqueous solution of -lactose, on others cane-sugar, and 
on a third senes ralfinose, none of which sugars are taken up by the photo- 
bacterium, and consequently the plates remain dark. The drops are quickly 
absorbed by the gelatin and formed patches named by Beyerinck difEusion-flelds, 
in the vicmity of which inoculating streaks of Sacoharomycea Kefyr are then 
drawn, and, on developing, finally enter the field of diffusion After a short 
time the colomes of PA phoaphoreacma gradually begin to become luminous at 
the points where the diffusion-fields are m contact with the Sacohcuromyceiea 
cultures, this luminosity occurring in all three series, and thus proving that 
Saccharomycea Kefyr produces an enzyme (known as lactase) which penetrates 
into the diffusion-fields of the lactose, saccharose, and raifinose and inverts these 
di- and tri-sacoharides to assimilable hexoses, which then cause the photo- 
bacterium to become luminous 

§ 102.“-The Phosphorescents. 

The question whether the light proceeds from within the organisms, or 
whether they are in themselves dark, but excrete luminous metabohc products 
into the surrounding medium, has been much disputed. The latter opinion 
was upheld, notably by Br. Radziscewski (1.), accoiding to whose exhaustive 
researches the aldehydes and aldehyde-ammonia derivatives are, m general, 
endowed with the faculty of becoming luminous in alkahne solution, and aie 
thereby gradually oxidised by atmospheric oxygen The quantities commg into 
play per unit ot time ai e comparatively small , a solution of i 8 grms of lophin 
in 25 c G. of caustic potash remaining luminous for over three weeks. If, then, 
the tact be remembered that the photobacteria are luminous only in alkaline 
nutrient media, and in presence of compounds which are partly already aldehydes 
(especially the sugars) and partly exhibit a similar constitution (e g glycerm and 
asparagin) , and if it be also remembered that the luminosity only occurs in 
presence of oxygen, and that in the cultures acids, i e. oxidation products, ai*e 
formed from the said luminous materials, then it will be readily understood 
why Radziscewski sought the source of this beautiful phenomenon, not m the 
bacterial cell, but in oldehydic metabolic products, phosphorescents, which aie 
oxidised, with evolution of hght, outside the organism The same opinion is 
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held in the main by Qaatrefages, Owsjannikow, Ludwig, and Dubois, the 
observer last mentioned designating the assumed phosphorescents luciferin. 
The most important effect of the photobacteria, viz., marine phosphorescence, 
stands, however in the way of the general applicability of this interpretation, 
the eternal conditions under which this phenomenon is produced being still 
unknown. It is consequently uncertain whether the food-stuffs (aldehydes and 
ammonia bases) necessary for the production of the phosphorescents are at such 
times exceptionally present in sufficient quantity in the waves. 

The spectrum of the bluish-green light emitted by MxcroGOccua PfUge/ri is, 
accordmg to Ludwig, a continuous one, and extends from the line h (green) mto 
the violet. Equally continuous and more extensive — occupying the entire breadth 
from D to G — are the spectra of two European species discovered by B. Fischer, 
and a luminous bacterium described by J Forster (I ). Here the blue and violet 
rays predominate, and, consequently, these organisms can be photographed by 
their own light, a result first successfully attained by Forster in conjunction 
with Van Haren Noman One year later B. Fischer also demonstrated that the 
light from streak cultures of these microbes is strong enough to illummate and 
photograph other adjacent objects, such, for example, as a watch. 

Marine phosphorescence can be caused not only by photobacteria, but also 
by a variety of low forms of animal life. When these latter come into play, then 
the illumination of the water only becomes well developed provided the latter is 
in motion and the necessary supply of oxygen is thereby copiously supplied to 
the photogenic animals. If, on the other hand, photobactena are in question, 
the entire surface of the water glistens uniformly and continuously with a soft 
lustre. Ludwig was the first to successfully produce marine phosphorescence 
artificially and on a small scale, and the experiment was then repeated on 
a larger scale by B Fischer in the Berlin Aquarium. The demonstration 
well repays the slight trouble involved. Cultures of photobactena are prepared 
on salt-water fish, on which they grow and form a mucinous coating, which, on 
being stripped ofi‘ in salt water and dispersed through it, immediately produces 
marine phosphorescence capable of prolonged duration. 

A beautiful observation made by A Giakd (I. and II.) must be recorded 
here, viz , his cultivation — from the luminous Talitrus — of a bact^num which is 
both pathogenic and luminous, inhabiting the abdominal cavity of the aforesaid 
aquatic animal, fully permeatmg all its organs, and, finally, causing its death 
Durmg the prevalence of this malady the victim shines with a green light, 
visible nearly a dozen yards off, and persisting for a few hours after the death 
of the ammal This fact, established as it has been by successful morulation 
experiments, induces the supposition that the luminosity of other small marine 
animals (infusoria, polyps, and medusm) may also be due to photobactena! 
infection. 
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THERMOGENIC BACTERIA. 

§ 10S.“Spontaneous Combustion. 

^ state of our knowledge on the thermic side of the process of fermentatioa 
^0 not extend beyond a few crude, isolated determinations, so that nearly 
j;-jthiDg in this department has still to be accomplished , even the primary 
j^tion — whether there exist fermentative organisms with purely exothermic 
others with purely endothermic cell-activity — being as yet unsolved One 
0^ only has been established for certain, viz , that many microbes under 
^^in conditions generate heat and give it off to the environment Hence the 
j:jnical changes then occurring are exothermic processes. 

example of this is afforded by the organisms effecting the so-called 
;p.taneous heating of hay and cotton. For sundry researches liereon we are 
^Ipted to P OoHN (Vill ), from which it appears that fission fungi, allied to 
Jiay bacillus already seveial times referred to, are here concerned. That the 
tfing is actually the result of microbial activity was proved by Haepke, who 
0jrtaiued that sterilised cotton-waste, under otherwise identical conditions, 
y became heated when moistened with washing-water from fresh unstenlised 
jije. Ihe heating only occurs in presence of oxygen, and comes to a standstill 
this substance is lacking, the action being the result of brisk oxidising 
Lvity (respiration) on the part of the bacteria m question. The fluffy greasy 
lije material formed during the cleaning and spinning of raw cotton, consisting 
cotton fibres, seed capsules, &c., spontaneously rises in temperature up to 
O., according to the observations of Haepke, and becomes gradually con- 
bed into a humous mass with evolution of the vapours of tnmethylamine. 
e observer attributes the fermentation occuiTing in this case to various 
cies of micrococcus. 

The heating of vegetable matter to high temperatures should not, however, 
ays be ascribed to the action of fission fungi. For example, the temperature in 
ly managed heaps of germinating (malting) barley may rise to 6o° 0, and over, 
cause of which, according to the researches of Oohn (IX and X.), is a mould, 

, the Asp^rg^lus fumigati^, nearly allied to the common mould fungus 
L-fc the diastase in the germinating barley is thereby greatly injured is eertiin. 
In many instances the spontaneous heating of the aforesaid vegetable 
iters may develop into spontaneous combustion, whereby barns and spinning 
ks have often been set on fire. Nothing defimte is known of the precise 
flitions concerned in this phenomenon. In the first place, a knowledge of the 
ting temperature of the various substances under consideration is necessary, 
ELS this temperature is probably higher than the maximum heat supportable 
i'ving organisms, the actual ignition in such coses cannot be directly attributed 
Heir vital activity. Hence, the probable explanation of spontaneous ignition 
iat certain micro-orgatiisms, by their oxidismg action, convert the vegetable 
into a humous porous mass, which is then (like finely divided iron, &Cr) 
i-TdIo of occluding oxygen, whereby ignition is induced. More detailed researches 
■this phenomenon are still required 
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§ 104.— The Spontaneous Heatingr of Hops 

is well known to every brewer from wide personal experience For a more 
inbimate knowledge of the subject we are indebted to J Bbhebns (I ), who has 
not only discovered a cause for the phenomenon, but has also traced a con- 
nection between the latter and the well-known presence of trimethylamine in 
hops, fii’st shown by Griessmatbr (I ). Behi’ens found, m hops that had 
become warm, a fission fungus, in a condition of almost pure culture, which he 
named BogiUus lupvZiperda, and explained to be nearly alhed to the BclcUIus 
jiuorescms putidus described by FLfl’GQE (I.). The ceUs of this newly-discovered 
motile microbe are about 0.7 m breath, and vary in length, according to the 
conditions of cultivation, from 0.7 to 25 It liquefies gelatin. Peptone 
alone is insufficient for its support, a second substance from wnich it can derive 
carbon being required , consequently it belongs to the group of peptone-carbon 
bacteria establibhed by Beyermck It thrives freely m hop extract and quickly 
renders sugar-free media alkaline by excretmg copious quantities of ammonia 
bases, especially trimethylamine In presence of sugar the resiction of the 
medium at first becomes acid, butyric acid being formed, although in Behrens' 
experiments only to the extent of o.i per cent, at most. This microbe, which 
gives nse to spontaneous heatmg in hops, and causes them to give off an odour 
of trimethylamine, was found by Behrens in all the samples of hops examined 
by him It appears to be chiefly domiciled in the soil, and passes thence to the 
hop cones, which, being fairly hygroscopic, attract moisture when bagged, and 
thus enable the bacillus to develop, the hops becoming •* warm " and commencing 
to decompose, whereby they are reduced m value. Timely prevention may be 
ensured by removing the bagging in which the hops aie packed, and thus 
admitting cool and dry au' into the interior of the contents, in consequence 
of which the activity of the microbe is lessened. Closer studies both on the 
spontaneous heatmg of hops, and especially into the transformation products of 
Baoillus hipvhp&rda and their relation to the production of ranmdity jin hops,- 
constitute a productive field for future research 

The above remaiks on the spontaneous heating of stored vegetable substances 
may now be supplemented by a few observations concerning 

§ 105.— The Fermentation of Tobacco, 

which cannot well be mcluded in subsequent chapters. The tobacco leaves, 
when gathered, are allowed to become somewhat withered, and are then arranged 
m moderate-sized heaps, where they undergo a so-called sweating.” The rise 
of temperature occurring durmg this process is, as determined by Muller- 
Thurgau, a consequence of the activity of the leaf-cells, which transpire their 
store of carbohydrates and conveit their albuminoid matters into amides, the 
heat thereby hberated effecting the gradual drying of the leaves. The water 
vapour evolved condenses into the matting employed to cover the heaps, which 
are then said to “ sweat.” The alteration of the nitrogenous bodies in the leaves 
can also be effected by “ shed drying ” On this point more will be said in a later 
chapter dealing with Boi/rytis c%n&rea m the second volume. 

As soon a.B the tobacco leaves have finished sweating and become “shed 
ripe,” they are made to undergo fermentation, for which puipose they ore tied 
in bundles and arranged in great heaps, containing €LS much as fifty tons of 
tobacco, Hereupon active decomposition quickly ensues and the tempeiature 
rises. Nessler (I ) found this to be as much aa 54“ 0 even on the second daj , 
but, as a rule, the heaps are not allowed to become warmer than 50° C., further 
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increase being prevented by turning the heap, so that the outer layers of the 
first heap become the central portion of the new one. This fermentation is due 
to the action of bacteria, and was studied thoroughly by B. SughsIiAud (I. and 
II.), who, however, furnished but scanty reports thereon. A patent was granted 
to him in connection with the use of pure cultures of bacteria for the purpose of 
favourably influencing the fermentation of tobacco. He prepared pure cultures 
of bacteria from fine West Indian tobacco and transferred them to inferior 
German tobacco in course of fermentation. By this means the flavour of the 
latter was so greatly improved that it was no longer recognisable as such even 
by connoisseurs and experienced smokers of native tobacco. 

The chemical changes hereby produced have been investigated by J. Behrens 
(II ), according to whom the loss of matter amounts to 4 to 5 per cent., and 
consists principally of soluble carbohydrates and fixed organic acids, the former 
disappearing almost entirely. Oarbonic acid is evolved as the result of these 
changes, while Fesoa and Imai (I.) ascertained that nitrates are no longer 
present m the fermented mass. The amount of nicotine is also reduced, 
only 70 per cent, of that originally present being afterwards found (m one 
experiment) by Behrens 

The flora of the fermenting tobacco heap does not consist solely of bacteria. 
For example, Joh. Behrens (III.) frequently met with the Aspergillus fumigatus 
already mentioned, and Dd,valoa and Behrens also very often detected Momha 
oanA/ida^ remarks on which will be given in a subsequent chapter. 

A few researches have been m^e into the fermentation of snuff, the most 
important bemg those carried out by Th. SohlOsing (I. and II.) relative to the 
chemical changes involved With respect to the part played by micro-organisms 
he expressed himself as follows “The fermentation begins at the ordmary 
temperature under the predominant influence of micro-organisms, but above a 
certain (still to be determined) limit, which is over 40® 0. and below 70° 0., and 
IS probably about 50° 0., the changes become purely chemical reactions in which 
the livmg organisms have no longer any share.” When giving utterance to this 
opmion Schlosmg was unacquainted with the newer researches in connection 
with the heat-loving organisms which thrive at 70® 0 . It is therefore desirable 
that his experiments should be repeated and extended, with this fact borne in 
mind. 

The tobacco subjected to this fermentation is usually moistened with a liquid 
containing sugar, syrup, honey, and the like, in addition to various aromatics, 
and not infrequently alcohol as well In many oases this “sauce” also has 
added to it wine yeasts, particularly for the grades known as St. Omer, St. 
Vincent, and Paris tobaccos. These additions (found by experience to be partly 
essential and partly useful) probably furnish the matenal for, on the one hand, 
a weak alcoholic fermentation, and, on the other, for the formation of esters. 
More detailed knowledge is, however, locking with regard to this primary 
fermentation, and to the subsequent after-fermentation of the tobacco, either 
packed tightly into casks or rolled up in “ pigtail ” form and wrapped in linen 
cloths. The snuff yielded by the latter method is finer than that obtained by 
the quicker cask-fermentation process. More definite researches on this subject 
are highly desirable. ' 

§ 106.— The Preparation of Burnt Hay 

must also be briefly described in this place There are two chief methods, 
differing from one another, for the preservation of green fodder, viz , either by 
acidifying it, allowing it to ferment, and so producing “sour ” fodder or ensilage 
— for which see also chapter xxvi ; or it is dried, and then forms hay. The 
I I 
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removal of the water, of which the plants now under consideration contain son 
85 per cent , can be effected m two different ways. Either the necessary ha 
is applied from outside, they aie exposed to the sun^s rays, thus producir 
aix-diied hay, or else the same result is obtained by spontaneous heating, ai 
therefore by the action of the thermogenic micro-organisms dwelling on tl 
plants Here again there are two possible methods of procedure, by follown 
one of which burnt hay is obtained. On this subject we are indebted 1 
BOhmbr (I ) for a critical research. According to him, the mown grass is pile 
up into heaps about 10 to 13 feet high and 13 to 16 feet in diameter, the maj 
bemg trodden down as tightly as possible in order to prevent the admissic 
of air — ^which might favour the development of mould — ^into the interior. I 
these heaps spontaneous heating goes on and becomes apparent, often withi 
twelve hours, but generally m twenty-four to thirty hours. The operation 
watched, and as soon as the temperature inside the heap reaches 70° 0 — ^whic 
is mostly the case in forty-eight to sixty hours — the heaps are opened and tl 
contents spread out thinly, a single turning being then sufficient to complete tl 
curing of the hay. By this fermentation, about which nothing definite is know 
from the physiological point of view, not only is the desired degree of drynei 
attained, but the hay also becomes friable and acquires an aromatic odour 
As mentioned above, the heaps must be opened when the temperature ht 
risen to 70° 0., since, if this be neglected, the spontaneous heating will quick] 
become spontaneous ignition If, as is possible, it is rainy when the hay 
ready for spreading out, such preliminary labour is futile. To this circun 
stance is due the fact that burnt hay is seldom prepared, as also that, 1 
districts where the weather is too uncertain to allow of ordinary haymakin 
being conveniently practised, another method of drying has been developed, 1 
which the necessary heat is likewise generated by a process of fermentation, froi 
which a product known as “ brown hay ” is obtained. This will be dealt with i 
the Section on Lactic Fermentation. 



SECTION V, 

THE HEAT-EESISTING BACTERIA 

THBIB PLAGE IN NATURE AND THEIR IMPORTANCE IN THE 
FERMENTATION AND FOOD-STUFF INDUSTRIES. 


CHAPTER XYII. 

BACILLUS SUBTILIS AND ITS CONGEaiERS. 

§ 107.— Roberts’ Heat Method. 

The unfavourable conditions to which the bacteria inhabiting the soil are 
therein exposed result in the accumulation of such species as are capable of 
developing reproductive forms endowed with great vitality These are carried 
from the suiface soil on to plants, and in this way hay becomes infested with 


o, 



Fio 40 — BaclIloB subtil 1 b 

a Iroffineiit of tho sklu formed on hoy Infualou, majfn 200 times OouslstB of tightly paclced 
filamentary groups of colla B and 0 show the Individual parts of these threads at an early stage 
D, a thread, each separate pait of which contains an oval endospore E, the mother-cell mem- 
brane swells up and tbe spores are liberated, progress of spore-germlnatlon B-Ii , magn 600. 
(After Br^eld and Zc^) 


the spores of highly resistant Sch%zomycet68, which can withstand the tempera- 
ture of boiling water for several hours. Early observers, being unacquainted 
with this property, noticed with astonishment that a development of bact^a 
occurred spontaneously in vegetable infusions (especially infusions of hay) that 
had previously been exposed to boilmg heat for an hour The cells were almost 
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,, • esB^velfin tte form of short rods, and were named Viino subttlis by Ehrenberg 
^ sa^ Baaliut avbinks by Oobn. To obtain them with oertamty the foUowing 
I^cesB, known as the heat method, which was devised by Robeiits (I.), and 
Mdy refOTed to in § 53, is employed Dry hay is chopped up fine, 
sraused with a httle water, and then left to stand four hours, at about 36° 0 

the usually somewhat acid liquid being afterwards poured off 

exactly neutralised, and diluted until it shows a density of i 004. This liquid is 
then boded gently for an hour over the sand-bath m a flask plugged with ootton- 
of heai^resisting spores present on the hay is fre- 
quently but small, sufficient hay and water are taken at the outset to yield at 
1 an hour’s boilmg, which quantity will be sure to contain 

Mine living ge^. The ^sk is removed from the sand-bath, left to cool down 

incubator, the tempera- 

aT tSi to about 36* 0 dunng the ensuing twenty-four hLrs. 

wiU have appeared on the surface of ihe infusion 
a tkn shn, which subsequently thickens and develops to a typical zooglcea A 

at G m if microscope, wiU pr^ent the appearanfe shown 

at Or m J!ig 40, VIZ., a number of closely adjacent rows of short rods. 

§ 108. Morphology of BacUlus subtilis. 

be obtained therefrom by modei^meZds Se^raltivSor Tb^’ ^°’^®T®*‘’ 

examined and styled BcuyaiuB subtilis by Brefeld fs nSS,™l 

Bame name described hv j.k laentical with that of the 

tb*at the physiolorfr^y thereto, and indeed so closely 

bothkin^.^ S^uiSf?S? °^®?®j;®-g®™‘io“ are alike in 

reader 13 thereSe refef^tWo TflwT ^ 58 , and the 

‘ “■ ‘“r X .“tsr 

zi 1 4 °'"°" 

3^3 T tLT ™^“® **'® and the 

sweltXur ® °*iar“teristio sickly- 

siirfiLnn 1 ^ efirhet Sta^p. -iig 

surface is entirely covered ^ 

on this account becomes tu^ ' iv *" ' -ro-JiilUld (which 

actively motile rodf^ ‘d) iwarmswith numerous 

instruments at comiii *^®, ^®toctive 

be discerned on each tb„ f ^ ?“^!® ““Id 

40). hut subsequei re^^rt SaS? b ^®!i.^’ 
that Baotllus si^iilu like^S I “^®'* the fact 

endowed with cilia ' « ‘^®^ ®P®®“a> “ 

which 18 reproduced ^ro^ a LT T 
V . velopment of the mrrt,.? j pnotograph. The de- 

^ains constituting the skin must be regarded as multicellular 

stage. The formation of ihis wrinkled cover first h to the quiescent 

nutrient medium is in an advanced state of decomno^"®®® noticeable when the 
composmg the chain there will then be fou“d Tt. In moat of the cells 
(D, Fig 40) producing an uncommonly Wutiful and f”’ endospore 

, remarkable appearance. 



Fia 41 — Bacillus subtilis. 
Cilia stainlug 

Mflgn about 1500 ( -(/ter 
A Fischer ) 
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The walls of the mother-cell swell up, the chain is dissolved, and the endospores 
thereby liberated. Some facts indicative of their power to resist adverse 
influences have been given m a previous section (§53). The spore membrane is 
capable of swelling up, so that when the spores are placed in water each of them 
soon appears to be surrounded by a dull halo — the swollen external layer of the 
membrane. 


§ 100.— Influence of the Mode of Nutrition on the Form of Growth. 

This factor was exhaustively described, for the bacillus m question, by Hans 
Bijohnbii (IV.). A few of the forms of growth observed are shown in Fig. 42. 
By employing a faintly 
alkaline 5 per cent, solu- 
tion of meat extract, 
rods (as at la) are ob- 
tained, o S /i broad and 
6-10 jj. long If a neutral 
solution of 5 per cent of 
sugar and o.i per cent, 
of meat extract be taken, 
then the forms shown in 
2a appear, viz., short rods 
oS broad and only 4-6 
fi long. Finally, in an 
infusion prepared from 
hay m which woody 
stems predominate, the 
cells (3a) have a length 
of 12 and a breadth 
of i.o fi. Under all the 
above conditions repro- 
duction goes on with 
vigour, the fission bemg 
very rapid. The new 
partition walls formed 
during the operation are 
at first BO and so 
famtly refractive as to 
escape the eye m the case 
of unstamed prepara- 
tions If, how ever, a solu- 
tion of iodine be added, 
then the apparently 
uniform long cells are 
seen to be divided into 
short ceUs in the manner 
diagrammatically 
sketched at h and c in the 
figure. All these shapes 
belong to the cycle of 
normal forms of growth, of strong vitality, and capable ef reproduction. When, 
however, the composition of the nutnent solution is, from the first, unfavourable 
(e.g a solution of o i percent of asparagin or albumen, and 10 per cent of sugar), 
or becomes so subsequently in consequence of the excretion of injmious waste 










Fig 42 — Bacillus subtllls undti various eoudltlous of cultiva- 
tion For evpiauation soc text Magn about 4000 i 4 fter 
H Buchner) 
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products on the part of the cells, then there result involution forms, that have lost 
their reproductive faculty and must be regarded as diseased and moribund modi- 
fications. A couple of these are shown in Fig. 6 Similar forms ore also produced in 
nutrient media containing a larger percentage of acids than usual, the bay bacillus 
being very susceptible to these reagents. The locomotive powers, as well as the 
form of the cells, are infiuenced by the method of nutrition. Thus, for example, 
the cells grown max per cent solution of asparagin at 25° 0 are devoid of cilia. 

BaciV^ mhtihs liquefies nutrient gelatin Streak cultures on agar-agar 
develop mto a wrinkled white pellicle This microbe must be classified among 
the extremely aerobic organisms, ie those essentially requiring the presence 
of oxygen for their development. Care must therefore be taken that air has 
admittance to the cultures. In reference to this matter, a valuable observation 
was made by Liboeius (I.). If air be excluded, the reproduction of the cells 
ceases, but the formation of a peptonising enzyme is not interrupted so long as 
the medium contains sugar. As already remaiked, this microbe is extremely 
sensitive to acids, even the small quantity present in normal beer-wort and beer 
— and which, expressed as lactic acid, amounts to only o 09-0 12 percent, m the 
former case, and up to 02 per cent, in the latter — suflicing to suppress the 
development of the bacillus in question, so that the brewing industry is exposed 
to no danger from this quaiter 

The decompositions effected by this microbe were first studied by G. Yande- 
VELDB (I.) m 1884, who was, however, unable to make use of pure cultures. On 
the other hand, such cultures were used m the researches carried out by Adrian 
J. Brown (II.), in 1895, which were specially directed to the decompositions 
sustained by the various sugars under the influence of this fission fungus. It 
oxidises dextrose to an (unspecified) acid, which is thereafter entirely consumed, 
and a levo-rotatory volatiJe dissociation product, of unknown nature, but 
exerting an exceptionally high reducing power on copper solutions (such as 
those prepared by Fehlmg and others). The decomposition of the total sugar 
supplied is effected completely when the acid, repeated neutralisations, is kept 
down below o 04 per cent Saccharose undergoes a preliminary inversion, and is 
then oxidised. 


§ 110.— The Potato BaciUi. 

Before the great tenacity of life possessed by many of the bacterial spores 
inhabiting the soil was recognised, it frequently happened that potatoes, which 
had been presumably thoroughly sterilised, became (when employed for streak 
cultures), infested with a spontaneously developed, wrinkled zooglosa of rod- 
shaped Bohizomycetes^ which, storting from the potato skin, rapidly extended 
over the cut surface. These species, observed by different workers, are, with 
reference to their habitat, named the “potato bacillus.'' This is naturally a 
very comprehensive appellation, which has to be more narrowly defined in each 
separate case. These uninvited guests hove their origin in the soil, sufficiently 
large quantities of which remain in the depressions (known as “ eyes ") m the 
potato ; and the germs adherent thereto will withstand any heating that is not 
pushed too far. Of the species belonging to this group a considerable number is 
already known, and a few of them will be referred to later on, e m the chapter 
treating of “ blown " cheeses. A few others must, however, be briefly dealt 
with in this place, namely, the three species of most general occurrence These 
possess in common the property of growing on sohd media e g, potato cuttings, 
to form a pellicle, the surface of which becomes more and more wrinkled and 
convoluted, and recalls the appearance presented by the mesentery 

The most common of all is the Bacillus mesmi&myus mdgatus, dLscovered by 
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Mugge, a plump, actively motile rod, shown in Fig. 43. The colonies on 
potatoes are dirty white, can be drawn out into threads, and develop equally 
well in the incubator and at room temperature. This bacillus excretes several 
enzymes, one being peptonising and producing liquefaction of the medium ; 
another diastatio ; and a third resembling rennet, whereby the casein of milk is 
at first precipitated, but is subsequently redissolved by the peptonising enzyme. 
It forms endospores, the final stage of germmation of 
which is shown at h in Fig, 43. 

Bacillua meaenterims fuscm was first described by 
FlD^qoe (I.). The cultures on agar-agar and on 
potatoes are initially yellow, but as their age in- 
creases deepen progressively into brown. It also pro- 
duces a peptonising enzyme, which liquefies nutrient 
gelatin. The production of spores is in this species 
less copious than in the foregoing and following 
kinds. 

The vegetative cells of the BadUus Tnesmierioua 
Tuher, discovered by Globig (II.), axe short loda, rather 
more slender in form than those of B. m, vulgatus. 

Like the other two species, the vegetative cells are motile and produce a 
peptonising enzyme. The colour of the streak cultures on potatoes is at first 
reddish-yellow, but subsequently becomes rose-red. The tenacity of life ex- 
hibited by the endospores of this species was minutely examined by Globig. A 
I per cent, solution of sublimate kills them after i J hours’ exposure ; but they 
resist the action of 5 per cent, carbolic acid for more than a fortnight. For 
their destruction by a current of steam at 100° 0. an exposure of 5 J to 6 hours 
is necessary, and they will bear without injury an immersion of three-quarters 
of an hour m high-pressure steam at 109°-! 13® 0 . On the other hand, they 
pensh in twenty- five minutes in steam at 113°-! 16° 0., in ten minutes at 
i22°- 123° 0., in two minutes at 127° 0., and immediately in steam at 130° 0, 

The great difi&culty of sterilising articles contaminated with traces of soil is 
due to the great powers of resistance possessed by the spores they contain of the 
species just described, as also of a large number of their congeners, which are 
the hardiest of all organisms. The preservation of numerous food-stulfs, milk in 
particular, is thereby rendered more expensive, as will be sufficiently demon- 
strated in the two next following chapters. At present, attention will be 
drawn to a phenomenon which could not well be referred to there, viz., a 
disease in bread (due to the potato bacilli), which becomes manifest by the 
crumb of the loaf gradually changing into a sticky mass, capable of being drawn 
out into long threads, and having a repulsive sour sweet smell. Emil LAtritENT 
(II.) was the-first to examine this disease closely, and he attributed it to a fission 
lungus, which presumably also plays a part in the normal fermentation of dough 
(dealt with in the second volume), and has therefore received the name of 
Bamllus panificcms^ This is undoubtedly a species of the group of potato 
baciUi A second c€Lse of this disease was investigated by Kratschmeu and Niemi- 
Lowioz (I.) by the aid of the plate culture method, whereby m, vulgahia was 
recognised as the exciting agent. According to the researches of Aim6 Girard, 
reported by Balland and Masson (I.), the temperature prevailing in the 
interior of loaves of bread during the baking process ranges between 100° and 
102° 0. The duration of exposure to this temperature being insufficient to kill 
the spores of potato bacilli, those originally present in the flour will still be 
found alive m the finished loaf. The sites occupied by these organisms, 
which germinate and reproduce immediately, will then become the headquarters 
of active masses of microbes, as already described. Batches of bread containing 
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riQ. 43. — Potato baollIuB 

a two motile rods ; h a newly 
frorinlnatcd rod, jiiBt Itavlny; 
tlio Bporo capanlo, and un- . 
pi'oyldod with ollia. Hag:ii 
looa (Drawn from a photo* 
gpraph by Neuhauas,) 
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much bran are especially liable to this disease, since it is on this part of the grain, 
and not on the enclosed flour, that the bacteria reside , and, as a matter of fact, 
it is commissariat (military) bread and Graham bread that are most frequently 
aflfected, as was pointed out both by Loeffler and TJfpelmann (I.) The latter 
observer found the Bamtlus mesenterious vulgaius to be associated in this disease 
with a second allied species, viz , the Bacilhjba hodermos, discovered in cows* miJk 
by Loeffler (HI.), which owes its other name of “gum bacillus ** to the thick 
gummy appearance of its zooglcea-like cultures on cut potatoes. That the bread 
disease in question does not make its appearance so frequently as might be 
expected from the (often very large) number of potato bacilli found in the flour 
is due to the strongly acid reaction of the dough, which facilitates the extinction 
of the germs. 

§ lll.—BaelUus Fitzianus. 


If a cold-prepared infusion of hay be left to stand at room temperature, there 
quickly forms on the suiface of the liquid a skin composed of various organisms, 
including the baoDlus named above, the chemical activity of which was first 
examined by A. Eitz (III.). If a little of this skin be transferred to a 
flterihsed solution of 2 per cent, of meat extract and 5 per cent of glycerin that 
has received an addition of some 10 per cent of calcium carbonate, then the said 
microbe develops and acts on the glycerin (OgHgOj) in such a manner that ethyl 
alcohol and volatile acids are the chief products formed Fitz obtained, in two 
expel iments, a yield of alcohol amounting to 25.7 and 25 8 per cent, respectively. 

The fermentation is very brisk, 
^ ^ — . — . ^ r\ and attains its maximum with- 

^ ^ ^ ^ ^ ^ ^ in twentv-four hours. 
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and attains its maximum with- 
in twenty-four hours. 

At the time Fitz made his 
experiments, no method of 
preparing pure cultures had 
as yet been devised. It is 
theiefore of interest to record 


that his reports were tested 
by H. Buchner (YI ) by the 
aid of the dilution method. 
The results were confirmatory, 
not only of the fermentative 
activity, but also of the pleo- 
morphism of this glycerm- 
ethyl bacterium, which was 
later named by Zopf Baodlus 
Fitsuanius As shown in Fig 
44, this fission fungus occurs 
both as cocci and as short and 
long rods, and is able to pro- 
duce endospores Though of 
Pig 44 —Bacuina Fitzianus. no practical importance, it 

a^h^f^g Cocol gradually olianglDg Into short rods, til en (c, e) IS mentioned here chiefly m 
Into long rods , d The same with an ondospore Magn. order to show that the pro- 
4030. ^JfierBSuohner^ duction of ethyl alcohol during 

fermentation can be effected, 
not only by the higher fungi (yeast in particular), but also by Sohizomycetes. 
This fact IS overlooked by many chemists when they speak of “ alcoholic fermen- 
tation fungi,’* meaning thereby yeast alone. 

Albed to the last-named bacillus as regards fermentative activity is the 
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Bacillus ethaceticus, cultivated from sheep-dung by P Prankland, J. Fox (I ), 
ajad MacGregor (I ). This is a motile rod about o 8-1.0 ^ broad and x.5-5 i /a 
long, which, however, seems to lack the faculty of producing spores. It fer- 
ments glycerin^ mannite, and arabinose in such a manner that the chief 
products are, in addition to small quantities of formic acid and succinic acid, 
ethyl alcohol and acetic acid, the ratio found bemg, in the first instance 
2.11 • I ; in the case of mannite, i 63 . i ; and in the last, i : 1.96. In a 
subsequent communication Franklaijd and Frew (I ) demonstrated that glycenc 
acid, OHj OH — OH. OH — OOOH, is decomposed in the same way, the molecular 
ratio of the ethyl alcohol to the acetic acid being about i to 4 

Whereas the last-named baciUus leaves dulcite unattacked, this heza valent 
isomer of mannite is fermented by Bacillus ethacetosuccinijcus. This microbe was 
discovered by P. Frankland and W. Frew (II ) in a solution of ammonio-fernc 
citrate, which, originally intended for photographic purposes, was found to 
have spontaneously fermented with vigour These observers give the following 
equation as a deduction from their experiments 

= 4 ^ 2 ^o^ ”1" 2002^3 + C2H4O3 “f" O4HQO4 -f- 2CO2 4 2P2 
Dulcite, Ethyl Formic Acetic Sncclulo Carhon Hydro- 

hfannlte alcohol. acid odd add dioxide ges 

Many othet bacteria also produce ethyl alcohol, but only one more will be 
noticed, and that a pathogenic organism, viz , Friedlander’s Bacdlua pneumonics. 
According to the researches of F. Brieqer (I.), and of P. Frankland, Stanley, 
and Frew (I.), this bacillus, when grown in nutrient solutions containing sugar 
(saccharose, glucose, mannite), produces ethyl alcohol and acetic acid, together 
with other fermentation products in smaller amount. These four examples may 
suflS.ce to support the assertion made above, that ethyl alcohol is producible by 
bacterial activity. Ko practical application of this is made m the arts, the 
higher fungi known as ‘‘yeasts” being exclusively used, consequently this 
property of many Schizomycetes will not be referred to again. We will now 
supplement the account given of the hay- and potato-bacilh by a few remarks on 
the 

§ 112.— Bacterial Content of the Soil. 

To determine this quantitatively the procedure followed is to finely divide a 
weighed quantity of soil in sterilised water and then prepare cultures from the 
wa^^gs m the usual manner. P. Miqtjel (IV.), to whom we are indebted for 
the first determinations made in this connection, fixed the unit of weight to be 
taken as one gram, and it is to this unit that all the subjoined data refer. 

It would, from the first, be expected that layers of the same soil at different 
depths would exhibit differences, both quantitatively and qualitatively, with 
regard to their bacterial inhabitants The property of soils (especially clays) of 
combinmg with the fertilising materials supplied in manures, prevents these 
substances from penetrating in any quantity to great depths, and from this 
circumstance alone one would expect the number of bacteria in the subsoil, at 
considerable depths below the surface, to be but small The filtenng action of 
the upper layers of the soil also conduces to the same end, these layers fixing not 
only the fertilising substances, but also (and that in a purely mechanical way) 
the bacteria applied to the soil in manures. Thus it happens that subsoil water 
is perfectly free from, or at least very poor in, bacteria, a fact established 
by Pasteur and Joubert (I,), and of which 0 . Fraenkel (III ) has given 
instructive examples. (A remarkable exception to this rule was reported by 
S Kohn and H. Wiohmann (I ) ) Finally, the influence of aeration should not 
be forgotten This, in the lower and comparatively undisturbed layers, is almost 
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wiZ, and the qualitative nature of the inhabitants of the soil is greatly influenced 

by this factor, the upper layers being relatively the richest in ahrobic bacteria. 

The great^t percentage of organisms should not be expected in the uppermost 
layer, since this is exposed to a too rapid alternation of excessive moisture and dry- 
ness, heat and cold, as well as to the anti-bacterial influence of the sun’s rays. 
For these reasons the largest content of germs is always found at a depth of 

10 to 20 inches belowthe surface , a fact firstshown by Robert Koch (I.). As 
the depth increases beyond this, the finds become smaller and smaller, and 
approximate to ml at about 6o to So inches. 

It is manifest that the germ content of a soil is also dependent on the presence 
of nutrient substances, and that a soil rich in humus will be much more thickly 
infested than a poor sandy soil. Thus Bbumer (I.) found m dune sand only 
some looo germs per gram, which is very few , and an almost identical result was 
attained by A Maggioba (I ) in the examination of a sample of sandy soil from 
a hill near Turin. On the other hand, he found in tilled agricultuml soil some 

11 millions of germs per gram, and in the same weight of a sample of soil taken 
from a street in Tunn no less than 78 millions of bacteria. 

That the degree to which a soil is warmed, as also its condition as regards 
moisture and meteorological factors, all influence its bacterial population needs no 
further argument. It follows naturally that the percentage of germs is higher 
in summer than in winter, and that it falls in dry, but increases in wet weather. 

Any reader desirous of more closely studying the bacterial content of the soil, 
especially from a hygienic point of view, will find a good introduction thereto in 
Fodor’s work, “ Hygiene des Bodens ” (Hygiene of the Soil), forming the 4th part 
of the useful “ Handbuch der Hygiene ” issued by Weyl (Jena, 1894 et seq,), 

In^ addition to bacteria, the soil harbours a large number ot higher fungi, 
comprising not only numerous innocuous mould fungi, but also the spores ot 
phytopathogenic Ewniycetes These are of no immediate importance to agricultural 
chemistry, and therefore do nob need any further consideration here. E. Oh. 
Hansen demmistrated that the wine yeasts winter in the soil, but on this point 
reference must be made to the chapter devoted to Sacokaromycea amcvXat%ha in 
the second volume. 



CHAPTER XVIir. 


BUTYRIC ACID FERMENTATION AND ALLIED 
DECOMPOSITION PROCESSES. 

§ 113.— Anaepobiosis. 

The first mention of the fact that butyric acid, discovered by Chevreul in 1814, 
can also be produced by fermentation, was made by R. Makoecand (I.) in 1840, 
in connection with bis researches on the composition of the milk of the South 
American cow-tree {Galactodend/ron americanum). In the following year 
Noellner described, under the name of pseudo -acetic acid, a substance which he 
had found to result from the spontaneous decomposition (fermentation) of calcium 
tartiate, and which was then recognised by Berzelius as a mixture of butyric 
and acetic acids. Two years later Th. Pelouze and A. G]6lis (I ) observed that 
the lactic fermentations instituted by them did not progress satisfactorily, butyric 
acid and considerable quantities of hydrogen being produced In following up 
this observation they formulated the recipe, still current in many text-books on 
chemistry, that to start butyric acid fermentation a solution containing about 
10 per cent, of sugar should be mixed with chalk and a little cheese, and left 
to stand at 2 5 “-30° 0. 

These observers did not endeavour to follow the progress of this fermentation 
_ more minutely, as their attention was entirely devoted to the new fermentation 
product ; the only remark they make is that the butyric fermentation is not set 
up at once_in their method, but is preceded by a lactic fermentation “without 
its being possible to influence the progress thereof.” It was naturally far 
from the thoughts of Liebig’s former fellow-worker at Giessen to attribute the 
decomposition to the activity of living organisms 

The discovery of the true state of the case was made in i86i by Pasteur 
(VHL), who showed that two successive processes are here involved* first, the 
conversion of sugar into lactic acid or calcium lactate, and afterwards the trans- 
formation of the lactate into butyrate. He demonstrated that each of these changes 
18 due to a special ferment, of which the second is the only one we have to deal with 
now The microbe (2 fi broad and 2-15 fi long) causing butyric fermentation, 
and which we now recognise as a bacillus, was regarded by Pasteur, not as a 
plant, but as an animal, one of the infusoria, because it was observed to possess 
powers of locomotion. Nevertheless he laid but little stress on this distmction, 
the point being one of minor importance in comparison with the property he 
recognised in this ^^vihrion hut^que” viz , the faculty of existing without aix. 
This observation formed one of th© mam supports on which this gifted philosopher 
founded his theory of fermentation, mentioned in § 16, and with regard to which 
a few additional remarks will now be made 

At present we have first to consider the said peculiarity by itself, irrespective 
of the resulting decomposition effected in the nutrient medium. Creatures 
requiring oxygen for the continuance of their existence are termed aerobiontes, 
whilst the term anaerobioutes, or, shortly, anaerobes, is applied to creatures capable 
of development in the absence of this gas A distinction is drawn between two 
sub-groups, viz., strictly anaerobic organisms, i.e. such as can live onZy in an 
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environment devoid of oxygen, and for which this gas is therefore a poison , and 
fa.CTiltatively ajiaerobip organisms, ^ e. those to which oxygen, is neither 

injurious nor essential, and which can con- 
— ^ sequently thrive either m presence or aibsence 
of air,* Thus, for example, the acetic acid 
bacteria are strictly aerobic, certain lactic acid bacteria 
facultatively anaerobic, and the majority of the butyric acid 
bacteria strictly anaerobic 

At the present time numerous species of anaerobic fission 
_ fungi are known. Pasteub (IX.) himself, in 1863, associated 

b|| aMBl with the ‘‘ mdr2on butyn'ique ” a second anaerobic species, viz , 

the microbe which sets up fermentation in calcium tartrate. 
B « B a| This process of decomposition, already observed by Noellner, 
but which requires more careful investigation, often occurs 
spontaneously in tartaric acid works, destroying the tartaric 
acid and occasioning great loss. The different species oF 
\ / butyric acid bacteria will be thoroughly discussed later on. At 

1 / present, by reason of their general interest, the known patho- 

genic anaerobic species, three in number, will be considered. 
The first of these, as regards priority of discovery, is the 
“ mbrion sepiique^'' found by Paste dk, Joubeet, and Ohamber- 
LANi) (I }, and subsequently examined more closely by R. Koch 
and Gaffky, and now generally known to bacteriologists as 
Bacfdlibs cedematia mahgm. According to an opinion expressed 
by Pasteur, this bacillus is identical with the one effecting the 
fermentation of calcium tartrate The decompositions set up 
by the bacillus of malignant oedema m nutrient media con- 
taining carbohydrates were studied by R. Kerry and S 
Fraenkel (I ). Grape-sugar yielded ethyl alcohol, ethylideire 
lactic acid, and butyric acid. From calcium lactate were pro- 
duced butyric acid, a little formic acid, and propyl alcohol. 
Milk-sugar and also cane-sugar were gradually fermented to 
ethyl alcohol, formic acid, butyric acid, and ethyhdene lactic 
acid. Starch was also attacked, and yielded the three last- 
named acids With BacUVua cedematia maligm have been 
associated two other pathogenic anaerobic species of fission 
fungi, namely, the bfCcillus of symptomatic anthrax, by Feser 
and Bollinger in 1876-1878, and that which causes tetanus 
— Bacfdlus tetcmi — by Nicolaier in 1885. The latter is of 
somewhat frequent occurrence in arable soil, and was also 
discovered by S A. Severin' (I ) m horse-dung. The bacillus 
of symptomatic anthrax, according to the researches of M. 
Nencki (I.), when cultivated in media containing grape- 
sugar, produces chiefly normal butyric acid, along with acetic 
acid and optically inactive lactic acid, accompanied by the 
I’lQ. 45 — Grater’s evolution of 00 , and H,. The remarkable symbiosis of this 
bacillus with Micrococcus aaidi varalaGt%c% has already been 

cultures Ready lor , . „ j.- j ^ ^ ^ 

use Somewhat re- briefly mentioned in § 65. 
duced In size. {Jftfi 
Oruler) 

§ 114.— Methods of Cultivating Anaerobic Bacteria. 

Pasteur covered the nutrient liquid with a layer of oil m order to prevent 
access of air. This method of covering up the medium with a protective stratum 
has been variously modified in order to render it applicable to solid media as 
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well. Thus R. Koch, in 1884, proposed to cover the gelatin plates with a film 
of mica, which, however, accordmg to the ex- 
perience of P. Ltborius (I ), is not always 
sufficient in the case of strictly anaerobic 
bacteria. On the other hand, a second 
method (also emanating from the German 
State Board of Health) has proved highly 
suitable, viz., that of cultures in deep layers, 
as prescribed by W. Hesse in 1885, For 
these a puncture culture is made in test- 
tubes containing nutrient gelatm or agar- 
agar, the medium being covered, after 
successful inoculation, with a sterile stratum 
of the same liquefied substance 

Another method, which has also been 
variously modified, is that first employed by 
Pasteur in connection with his studies of 
the “ mhrton septiqm,^^ which consists in ex- 
haustmg the air (oxygen) from the vessel 
containing the nutrient medium inoculated 
with an anaerobic organism. The modifica- 
tion made by Max Gruber (II.) is con- 
venient and reliable, and is in general use, 
especially in the laboratones of Fermenta- 
tion Physiologists, Strong test-tubes (Fig. 

45), about 7 inches long, with a much con- 
stricted portion in the upper third of their 
length, are used. These are filled with 
about 10 cc. of nutrient medium, then 
closed by a cotton plug, and after inoculation 
are immersed in water at about 3o°-35® C., 
and then connected with an aiispump. The 
air is all driven out by the water vapour given 
off under the diminished pressure, where- 
upon the narrow part of the tube is closed 
by fusion and the upper portion removed 
By the use of nutrient gelatm this method 
also facihtates the cultivation of colomes, so 
that the individual anaerobic species in a 
bacterial mixture can be isolated For this 
purpose the still warm liquid contents of 
the tubes are converted into Esmarch roll- 
cultures, as shown in Fig 46 

In place of removing the air from the 
culture vessel by mechamcal means — pump- 
ing or dnvmg it out by vapour — recourse 
may be had to oxygen-absorbing chemicals. 

For this purpose a solution of pyrogallic 
acid [v-OaH3(OH)3] in caustic potash, a 
mixture that takes up oxygen with avidity, 
and which, as is well known, has long been 
in use in gas analysis, is employed It was 
introduced into physiological work by Nencki in 1880, as a test for the prepuce 
of anaerobic organisms, but it was not until the pubhcation of H. Buohner s (VII.) 
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method in 1888 that it came into general use in Bacteriology. The test-tubi 
containing the inoculated nutrient medium — as a roll culture if desired — 1. 
placed in a large test-tube (Fig 47) about ij inches wide and 10 inches long, ai 

the bottom of which has jusi 
— I— " ^ \ previously been inserted i gram 

of dry commercial pyrogalho acid 
and 10 c c. of deoi - normal 
caustic potash. The smaller 
— tube rests on a small wire sup- 
J port, in order to prevent it from 
dipping mto the liqmd. The 
“ Buchner pyrogallol tube ” is closed by a well-fitting 
previously-moistened rubber stopper, and may then 
he placed in the incubator. When kept at 37“ 0 the 
absorption of oxygen is complete in twenty-four hours, 
or in two days at 20° C. To treat plate cultures by 
this method, the culture is placed over a basin contain- 
ing a sufficient quantity of the said solution and resbmg 
on a flat plate of ground glass, the whole being covered 
with a well-sittmg bell-glass, the edge of which has 
been rubbed over with vasekne. Another method for 
the culture of anaerobic organisms consists in expell- 
ing the air from the culture vessel by another gas, 
eg, carbon dioxide, hydrogen, coal-gas, or nitrogen. 
Carbon dioxide is frequently recommended by the 
French school, and particularly by Pasteur, but its 
employment is not vTithout objections, smce it is not 
an inert gas, but is absorbed by the medium, which 
it then renders acid, and hence has the power of 
restricting growth. Moreover, according to the re- 
searches of P. Feanklaot (I.), it acts as a fatal poison 
on many bacteria, ^dthough experience shows that 
hydrogen gas is not inert, still it may be accepted 
as the best to use for anaferobic cultures. Ordinary 
illuminating gas was recommended for this purpose 
by B. WtTRTY and A. Foijrbur (I.), but, according to 
the researches of Th Klauakis (I ), it must be re- 
jected, since he foimd it actmg as a poison on many 
bacteria. I^’itrogen may be regarded as perfectly 
innocuous, and would long ago have been employed 
for anaerobic cultures were it not that the method of 
preparation is too cumbrous and costly, at least for 
the physiologist. Many methods have been proposed 
for the expulsion of o 3 [ygen by one of the above 
gases, but only two will now be briefly mentioned 
here That of 0 . Fhabnkel (IY.) is concerned with 
the treatment of test tube cultures, ordinary wide 
test-tubes with two-holed stoppers being employed. 
One of the glass tubes inserted therein reaches 
almost to the bottom of the test-tube, whilst the second is cut off close below 
the stopper. When filled with nutrient gelatin, agar-agar (or bouillon, 
wort, <tc ), the tubes are sterilised in the steamer in the usual way, and 
inoculated, a current of hydrogen being introduced through the longer tube and 
passed through. When all the air is expelled the small tubes are hermetically 
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sealed by fusion (Fig 48) and the stopper smeared with warm paraffin. Esmarch 
roll cultures can then be prepared If plate cultures {e g in Petn dishes) are 
tOf be exposed to an inert gas, they are (according to P. Libomus (I.) ) placed 
under a bell (of copper, <fcc ) which can be tightly hxed by screw clamps against a 
caoutchouc plate. The gaS (when hydrogen is used) enters through a tube fixed 
in the crown of the bell, and leaves by way of another tube situated below. 

It is impossible to refrain from mentiomng that there is another method 
capable of taking rank with those described, and fulfilling all the conditions 
usually prevailmg during anaerobic growth in Nature, viz , the simultaneous 
presence of strongly aerobic organisms. It is certain that anaerobic organisms 
can often be detected in liquids to which air has unrestricted access, and such 
associations of aerobic and anaerobic organisms are not difficult to brmg about ^ 
by artificial means, this having been successfully attempted by R Penzo (I ), 
Bbybeinok (II ), and others. The application of this method is, howevei , 
somewhat limited, since, of course, only mixed cultures can be produced by 
its aid. 

It was remarked by Pasteur that the growth of anaerobic organisms could 
be promoted by an addition of sugar to the nutrient medium Now, an 
alkaline solution of grape-sugar is well known to have a strongly reducing 
action; hence these two facts induced Kitasato and Wbyl (I) to ascertain 
whether other reducing bodies were equally efficient ; and they strongly recom- 
mended the addition of o 3-0 5 per cent, of sodium formate, or of o.i per cent, 
of sodium indigo-sulphate A solid nutrient medium, qualified and stained blue 
by the last-named substance, is decolorised as far as the growth of the reducing 
organism extends. The use of indigo-aulphuric acid as a test for reducmg 
action was first practised in 1858 by M Tbaube (I.) in his researches on 
ferments, and A. Spina (I.) was the first to employ the sodium salt as a reagent 
for the same purpose. 

§ 116.— ClostPidium Butyrieum (Prazmowski) and Bacillus 
Butyricus (Hueppe). 

Pasteur’s discovery that organic life is possible without free oxygen, and that 
certain organisms can obtain the energy they need by so breakmg down organic 
compounds as to liberate heat, is one of the highest importance for physiology 
generally. The amount of heat so evolved is naturally much less than it would 
be if the compounds in question were directly converted mto carbon dioxide. 
Pasteur, however, went somewhat too far in founding on this newly-discovered 
fact a theory of fermentation which culmmated m the assertion that “ Fermen- 
tation ig a universal phenomenon, and consists of life without air, life without 
free oxygen,” because, if this definition be accepted, we should be able to speak 
of but few phenomena as fermentation, and, m paiticular, it would be necessary ' 
to discontinue the application of the term to those decomposition processes 
that from time immemorial have been, and are even now, principally borne in 
mind in speaking of ‘‘fermentation,” viz , the alcoholic fermentation excited by 
yeast, an operation which proceeds both with and without free oxygen. 

To return to the ^^vihrwn butynqv^P In the years 1877 to 1880, A. 
Prazmowski (I,) published a careful morphological investigation of a butyric 
acid bacterium, presumably identical with the hutyryjue — though this 

cannot be stated with certainty Elevating the designation CloaVndivm (first 
used by Tr^cul, and then only to indicate a form of growth) bo a generic term, 
Prazmowski named two new species of bacteria Glostfndium hutyncmn and 
Cloatndvum Polymyxa, The latter completely coincides with the former both in 
morphology and life history, but differ^ from the strictly anaerobic Cl. hxiAyncum 
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both by its inability to exist in the absence of oxygen, and also by its incapacity 
to incite fermentation (m the restricted sense of the term). Fig. 49 reproduces ^ 
the vegetative forms of growth depicted by Prazmowski as those ot his butync 
acid bacterium. They are mostly plump rods, some r broad The generation 
period was determined by Prazmowski as about thirty to thirty-five minutes at 
35° 0 ., and forty-five to fifty minutes at 30° 0 . Under certain conditions, and 
especially whilst young, the rods store up in their plasma a substance which 
resembles starch (amylum) in being stained blue by iodine This phenomenon 
had already been noticed by Tr^cul, who gave it expression m the generic name 
of Amylobcuiter^ which he applied to these SchAzomycetes. During the formation 
of spores the rods swell up, as related and shown m § 49 The power of with- 
standing heat possessed by the endospores of Cl. bu/tyrhum was examined by 
Prazmowski. They are able to remain in boiling water for five mmutes without 
injury , but if the treatment be prolonged to twice that duration, then only the 
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hardiest spores of all axe left alive, and even these succumb if the boihng be 
extended to fifteen minutes The progress of the germination of the endospores 
has already been described in § 57 (q-v.). The brisk locomotion of the rods is 
produced by a large number of cilia, shown in Fig 50. Prazmowski did not 
have pure cultures, in the present acceptance of the term, at disposal for his 
researches, but was obliged to confine himself to an approximately pure culture 
prepared liy means of Roberts^ boiling method (§ 107). The same remark 
applies to a valuable treatise by A. Fitz (YII.), wherein the fermentative 
activity of a fission fungus named BamLlus hutylijcm is reported upon. 

After E. Oh. Hansen, in 1878-79, had established, in connection with acetic 
fermentation, the new and important fact that this decomposition process is 
effected by at least two different species of bacteria, F Hueppb (IV ) in 1884 
found the same to be the case with butyric fermentation, and discovered a 
Bacilhis hutynaus which exerted its decomposing activity in presence of air. 
This fact was confirmed by Max Geubeb (II ), working with a reliable method 
of pure culture m 1887, and it was at the same time demonstrated that the 
Qlo 8 t'i'%d%um hutyricwm of Prazmowski consists of a number of closely alhed, but 
nevertheless distinct, species Nearly related to this is a ferment isolated by 
P. Liborius (I.) from old cheese, and introduced into literature under the name 
of CloBVndxum fcaindum. This organism liberates very foul-smelling gases, in 
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addition to producing butyric acid, and forms one of the many connecting links 
between the butyric acid bacteria (m the restricted sense of the term) and the 
so-called potato bacilli. No sharply de6ned limit can be drawn between these 
two groups. In the same category must also be included one of the two species 
of bacteria which were isolated in 1894 by W Kedeowski (I ) from a butyric 
fermentation produced by a method approximating to that of Pelouze. In still 
closer relation to the potato bacilh are a few anaerobic species isolated by 
0. FLtraGB (II ) from boiled milk, as also the Bacillus hod&rmos^ frequently 
observed by LoErFLBE (III ) in imperfectly sterihsed milk. 


§ 116.— The Genus Granulobaeter. 

As the reader will be aware, organic chemistry distinguishes betw een two 
kinds of butyric acid, only one of which, viz , the propyl carboxylic acid, having 
the subjoined formula — 

OH3 -OH3- CHa— COOH. 


IP, in the present state of science, known to result from butyric acid fermenta- 
tion, on which account it is also called fermentation butyric acid. On the other 
hand, the isomeric acid, which, in accordance with its constitution — 



CK3 

ck COOH 
OH, 


IS also styled dimethy lace tic acid or isopropyl formic acid, has not hitherto been 
obtained by the aid of fermentation. However, not only the first-named acid, 
but also the corresponding alcohol, viz., normal butyl alcohol, 

OH3— CHg— CHa— CBTaOH, 

can be produced by the activity of fission fungi ; so that we may also speak of a 
group of the bacteria of butylic fermentation. In this connection we are 
indebted to M. W. Beyeeikok (XII.) for some thoroughgoing researches, which 
have not only brought new facts to light, but also led to a more definite charac- 
terisation and limitation of a number of species of butyric acid bacteria. This 
observer has given to the bacteria of butylic fermentation the common generic 
name of Qranvlobacter^ since they all possess the faculty of storing up granulose 
in the interior of their cells, owing to which they are stained blue by iodine. 
The characteristics of this genus aie given by Beyerinck as follows “Strictly 
or temporarily anaerobic fermentative bacteria, which in a condition of complete 
anahrobiosis become partly or entirely filled with granulose, and then assume 
the clostndium form In presence of traces of oxygen, short motile rods are 
qmckly produced, which are stained yellow by iodine. Endospores make their 
appearance in the clostridia. They are able to remain uninjured for a few 
seconds or minutes at a temperature of 95°-ioo° 0 . Among the products of the 
fermentations set up by individual species of this genus are . carbon dioxide 
always and hydrogen generally, but methane is never found ” 

Granulohacter hutyhaam is the species producing butyl alcohol. It is pre- 
sumably identical with Gruber's Bacdlua amylobacier and is frequently met 
with m the flour of cereals. It is anaerobic, and produces from maltose normal 
butyl alcohol, hydrogen, and caibon dioxide, but no butyric acid; diastase is 
formed concurrently, but not glucose. A spontaneous butyl-alcoholic fermenta- 
tion can be set up by gradually adding to 100® c.c of boiling water as much 
coarsely ground, unsifted, fresh barley-meal (from Hordmm distichum midum) 

I K 
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843 Will pioduce a thick gruel, and then cooling down to about 35° 0 * so quickly 
that the final [lortion of barley-meal will have been exposed to j 00° C. for a few 
seconds only The mixture is kept at a tempemture of 35°-37‘^ 0 . At the 
expiration of twelve hours bubbles of gas will be perceptible, and the presence of 
butyl alcohol will be manifest, by its odour, after a further twenty-four hours. 
If the aforesaid temperature be strictly maintained, almost pure GramHohaoter 
hutylwwn will develop in the liquid, and a pure culture can be obtained there- 
from, unhopped malt-wort gelatin forming a suitable medium, and one of the 
methods described in § 114 being employed. In this medium the fission fungus 
in question will develop mto milk-white, vjsco-mucinoua non-liquefactive colonies. 
The fermentations induced therewith {e,g, in unhopped malt-wort of not more 
than 10® Sacch ), and which must be earned out in the absence of air, progress 
in two stages so long as any free oxygen remains dissolved in the liquid, deve- 
lopment will proceed but slowly, only carbon dioxide and hydrogen (no butyl 
alcohol) being produced. When the liquid is finally purified, then not only can 
the appearance of the alcohol be observed, but also an unusually vigorous increase 
of the ceUs, which will be found to be so full of granulose that a drop of the 
liquid will become stained quite blue-black by iodme. The endospores, which 
soon make their appearance, attain, with a breadth of i p, a length which may 
be as much as 2 /i This species is very sensitive to butyric acid. 

A second species is Qranulobacter sa/xkarohuUji'icum^ the true butyric acid 
bacterium, generally so called, and presumably identical with the Bacillus h\Uy~ 
Ucua examined by Eitz. It is more widely distributed and of more frequent 
occuiTence than the last-named species, with which it is associated on cereal 
grains and in the green malt, groats, and flour prepared therefrom. It is this 
species, also, which occurs, and gives rise to damage, in badly prepared distillery 
yeast-mash. Glucose and (but with greater difiiculty) maltose are decomposed 
by this species, butyl alcohol, oEirbon dioxide, and hydrogen in vaiiable propor- 
tions being produced, in addition to butyric acid. From a morphological point 
of view, it IS closely aUied to the first-named species, but the spores are some- 
what smallei \ also, like the other, it does not liquefy gelatin Probably identical 
with, or at least very closely related to 0 . saccharohutyncuTn is an anaerobic 
ferment [Bacillus hutyricus), isolated by S. Botkin (I.) from Berlin and Breslau 
milk, and also frequently noticed by pLtrGQE (II.) in market milk. 

Granulohact&i' lactobutyncum is probably identical with the organism causing 
butyric acid fermentation in calcium lactate, desciibed by Pasteur. When culti- 
vated in the absence of air, it gi*ows in the form of plump, short clostridia, which 
stain violet-blue (not pure blue) with iodine and convert calcium lactate into 
butyrate, hydrogen and carbon dioxide being liberated. The endospores are 
smaller ana shorter than those of the first-named species. When kept in 
presence of air, this organism converts calcium lactate into large spheroidal 
Cl y stale of the cai^bonate, and in this case takes the form of slender short rods, 
resembhng those of Bacillus subiiks and stainmg yellow with iodine From the 
fact, lecorded by Beyerinck, that this Species in a state of pure culture dies out 
after several re-moculations, whether oir be admitted or excluded/ it may be 
presumed that the organism needs for its prosperous development the symbiotic 
association of another, still undetermined, species of fission fungus. 

Gi anulobaclBr PolyTiiyxa is frequently found on cereal grams, and is pre- 
sumably identical with Prazmowski’s Clostnchum Polymyxa. This species develops 
most satisfactorily in an unrestricted supply of air, and then assumes the form 
of motile rods. When the aeration is deficient, spore-bearing clostridia appear, 
and a weak fermentative action is noticeable, a small quantity (traces) of butyl 
^cohol, together with carbon dioxide, being formed, but neither hydrooren nor 
butyric acid The Leptothruc buccaliSf very fiequently found in dental mucus, 
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and whose thread chains are generally stained blue by iodine, is also classified h 
Beyerinck along with the Grannlobacteria. 

§ 117. — The Equation of Butyric Fermentation 

is set out in a very simple form in most text-books on chemistry, that for th 
decomposition of the hexoses (glucose, <fec ) being given as follows — 

CaHigOfl = 2H2 + 2CO3 + 

or with lactic acid (or its lime salt) as the raw material — 

2C3Hg0g S= 2Ha + 2 CO 2 + O^HgOg 

In the preceding pai'agraphs we have, however, made the acquaintance of i 
very large number of bacterial species with divergent methods of action, so that w« 
must at once admit that a general equation for butyric acid fermentation is not t< 
be thought of All that can be hoped for is the discovery of more ^curateb 
defined equations for each of the various species and their characterisation, ai 
e.^., the equation for the fermentation set up by Gramdohacter sacckarohutyrvyimi 
and so on. Nevertheless, even this limitation is not sufficiently strict, as will be 
evident from what follows 

L. Perdrix (I ) exammed the fermentative capacity of an anadrobic spore 
bearing butyric acid bacbenum (closely allied to Botkin's Bacillus hiotyi'^cus) 
which he isolated from the water in the Paris mains and named BacdU 
amylozyme by reason of its property of bringing starch into solution (sacchari 
fication). When grown in a meat-broth containing glucose and calcium car 
bonate, with exclusion of air, this fission fungus produces acetic acid and butyiic 
acid, in addition to hydrogen and carbon dioxide. The mutual ratio of thase 
four fermentation products changes with the increasing age of the culture. In 
the first three days it can be approximately expressed by the equation 

SfiGgHiPo + = 156H2 + 114003 + 39C3H4O2 + 3604Ha0a, 

but later on by the equation 

46CeHi20fl + 18H3O = ii2Ha + 9400a + 

Finally, the transformation becomas simplified, acetic acid being no longer 
produced, and the sugar then splitting up very nearly as follows . 

» 2Ha + 2C0a + 04^003 

Similar ratios were established for the fermentation of saccharose and lactose, 
which is not preceded by inversion Starch is, as already mentioned, saccharified 
by the Bacille amylozyme^ and is then fermented, amyl alcohol and ethyl alcohol 
being formed. 

Along with these Schizomycetea must be ranked the Bacillus siLaveolens^ 
described by Solavo and Qosio (I ), which converts starch into dextrin and 
glucose, and ferments these with excretion of alcohol, aldehyde, formic acid, 
acetic acid and butyric acid, which then partly unite to form sweet-smelling 
esters. Butyric acid bacteria that produce aromatic substances as well ai’e 
important for the ripening of cheese, being essential for the development of the 
characteristic odours of the various kinds of cheese. However, in this matter 
our knowledge is still only in a rudimentary state. B. voN" Frkudbnreioh (I.) 
separated from milk a Clostridium fmtidvm lactis^ which develops, in this 
medium, an odour resembling that of Limburg cheese, and the same observation 
was made by H Weiqmann (I ) The Bacilhis saccharohutyi wus^ isolated fi’om 
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so-called Quargelkaee ” {small country cheese, a sour soft variety) by Y. von 
Kxeoki (I.), and examined by him for its fermentative power, also belongs 
hereto. 

The influence of the age of the organisms used as “ seed ” and the reaction 
of the nutrient medium on the progress of butyhc fermentation was shown by 
L* (3 -eimbbrt (I.) in the case of the anaerobic Bacillus orihohul/ylyyiis. This was 
isolated as a pure culture fron\ a fermenting aqueous liquid containing calcium 
tartrate and leguminous seeds, the said salt being, however, as little affected by 
the bacillus as is calcium lactate. On the other hand, saccharose, lactose, 
maltose, invert sugar, glucose, and the like, form favourite nutrient substances, 
normal butyric acid, acetic acid, normal butyl alcohol, and a little iso-butyl 
alcohol, together with hydrogen and carbon dioxide, being the products of 
fermentation. The ratio of these products is found to depend on the reaction 
of the medium, the yield of butyl alcohol increasing and that of butyric acid 
diminishing wi^h the increased acidity thereof, whilst the amount of acetic acid 
remains unaffected. In harmony with this determination is the further fact 
that, as the age — and concurrently the acid content — of the fermenting hquid 
increases, the amount of butyl alcohol produced per unit of time becomes larger. 
So far as the age of the “ seed ” (t.e. the germs and organisms transfen-ed in the 
process of inoculation) is concerned, it is found that, as regards the produc- 
tion of butyl alcohol, the fermentative power of young cultures is greater than 
those of more mature age. — Sundry experiments in the technical preparation 
of butyric acid by fermentation werQ made by L Lebeebb (I.), but these leave 
much to be desired from a bacteriological point of view. 

The faculty of producing staroh-dissolving enzymes is widespread among the 
bacteria, and is m no wise restricted to the above-named species. Our know- 
ledge of these amylaaes or diastases (in the general sense) is, however, still in 
its infancy. In this connection we may refer to a treatise by Beyerinok (XIII.) 
on glucose, the enzyme of maltose. After J Wortmann (I ) had already, in 1882, 
made a few investigations thereon, but only m bacterial mixtures, Ol. Fermi (II ) 
approached the matter more closely m 1890 According to his observations 
(made exclusively with pure cultures), diastatic enzymes are excreted by the 
following species • ^aadhia suhULia^ B megath&nwrri^ B, anthraciSy B. tetragenus^ 
B, ra'imeus, B. Fiizmnus^ Yihno cholerce asiaticca^ and others ; this faculty being, 
on the other hand, lacking in Bacdlus pyocyarieus^ Micrococcus prodtgiosus, &c. 
According to the researches of A. Yilliers (I.), there occurs among the fission 
products of the action on starch paste of a fission fungus belonging (presumably) 
to the group of Granulobacteria, a small quantity (03 per cent, of a new carbo- 
hydrate, known as cellulosin, which has the formula OjjHjoOjo + — The 

starch -dissolving action of bacteria also probably comes into play m the prepora- 
^^tion of the alcoholic beverage known in Central America as chicha. Y. Mar- 
X3ANO (I ) states that this hquor is prepared by steeping maize for four to six 
hours m water, then boiling for a short time, and afterwards leaving the mix- 
ture to settle, whereupon a brisk fermentation quickly ensues. More accurate 
information respecting the fission fungus concerned is still lacking. 

§ 118.— The Fermentation of Cellulose. 

To dissolve and get rid of what has ceased to live is (according to an 
appropriate remark made by Pasteur) the task of the fungi in general, and of 
the fission fungi in particular. Without their activity the circulation of the 
elements of which the organic world is constructed would quickly come to a 
standstill, and the surface of the earth become in a few years thickly covered 
with the dead bodies of ammals and plants. Bespecting the constituents of the 
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latter a few words will now be devoted to the fate of the Cellulose, of which the 
greater part of the cell walla of plants is composed. Here the question arises as 
to how the carbon in this substance is set free again, and the gr^ual, and finally 
complete, accumulation of this element in a useless form prevented In this 
case once more assistance is afforded by bacteria, which split up the cellulose and 
remove it out of the way, 

E Mitscheelioh (I ) was the first, in 1850, to comment on the natural 
decomposition of cellulose, by expressing his opinion that it was attributable to 
the fermentative activity of vibnos. The probability of his view was increased 
by Popoff’s (I) discovery in 1875, decomposition process can be 

moderated or completely arrested by the addition of substances poisonous to 
bacteria A closer investigation of the organisms m question was undertaken 
two years later by Yan Tieghbm (IY.), who gave them the name of Bacillm 
cmylobact&r^ and (Y ), from microscopical examination only, declared them 
identical with Pasteur^s vih'ion hutymque 

It would be useless at the present time to argue on this assumption, since 
both observers worked with what were probably complex mixtures of several 
species, certamly not with pure cultures On the other hand, Yan Tieghem's 
further demonstration that petrified cells of (morphologically) similar fission 
fungi are also to be found in the fossil coniferee of the Oarboniferous penod is 
worthy of mention, 

A H. 0 Yan Sentis (I), in i8go, endeavoured to obtain a pure culture 
of the organism giving rise to cellulose fermentation. According to him, a 
symbiosis of two species is here in question, the one of them — ^which he named 
Bacillm ami/lohactefi' — occurring in the form of rods 0.8-r fi broad and 2-10 m 
length, which, under special conditions, aie stained blue by lodme. When air is 
admitted they form endospores, which then germinate only when air is excluded. 
The second of these symbiotic species is of much smaller dimensions, and is 
by itself, like the B. amylohactcr^ incapable of fermenting cellulose. For this 
purpose the conjoint effect of both species is necessary, an enzyme being then 
excreted which dissolves the cellulose Yan Senus isolated this enzyme, and 
demonstrated its solvent power on cellulose by applying the alkaline solution 
(contaimng chloroform in order to suppress bacterial grovrth) to the ceU walls of 
slices of beans. 

Y. Omeliansky (I.), in 1895, obtained very different results He inoculated 
a mineral nutrient solution (containing potassium phosphate, magnesium sulphate, 
ammonium sulphate, and chalk), in which strips of Swedish filter-paper were 
held in suspension, with a small quantity of mud from the Neva, and then kept 
the whole at 3o°-35° 0 , air being excluded. Fermentation rapidly set in, the 
strips of paper gradually becoming thinner, and finally disappearing altogether. 
By repeated transferences of small portions of the fermentmg liquid to fresh 
sterile media the ferment was purified, and finally brought into a state of pure 
culture by anaerobic cultivation on discs of boiled potato Omeliansky describes 
the organism as an unusually slender bacillus, measuring only 0.2 to 0.3 ^ m 
breadth for a length of 6-7 /i, and forming termmal globular endospores 1 liia 
diameter, whereby the pole at which the spore occurs is swollen up. 

As in many other directions, here also, in the case of the fermentation of 
cellulose, the extension of our knowledge is dependent on the elucidation, still 
to be made by chemists, of the composition of the substances subjected to 
investigation for the products they yield on fermentation. At the present time 
the essential requirement that the ferment shall be used in a state of pure 
culture is almost fulfilled, but so far as the purity of the cellulose to be decom- 
posed IS concerned matters are by no means on a satisfactory footing, Ernst 
^SoHULZB (I ), in 1895, in a treatise setting forth the present state of our know- 
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ledge on the subject (and one well worthy of perusal) shows how very divergent 
are the substances which now bear the name of ‘^cellulose He separated a 
number of these, and collected them into the group of hemicelluloses, distinguished 
by their solubihty in hot dilute mineral acids, whereby they are converted into 
glucose, whilst the remaining celluloses do not undergo this change. Considering 
how divergent these substances are, it is not surprising that different investigators 
do not always obtam concordant results as regards the products of cellulose 
fermentation This decomposition occurs on a large scale in the mud of marshes 
where there is no lack of decaying plants, and where, moreover, the other 
conditions are favourable It has long -been known to chemists that, m such 
water, a somewhat copious discharge of gas bubbles rises out of the ground, 
which discharge consists for the most part of methane (OHJ, ^e. the gas to 
which the name of marsh-gas has been given, from the places where it is found 
in Nature. Carbon dioxide is also hberated at the same time. The proportional 
quantity of the two products was reported in several analyses communicated by 
PoPOFF (I) in 1875, and more accurate researches on the same point were 
published by Hoppe-Sbyler (I) m 1886 The latter kept, with exclusion of 
air, either mud from marshes and nvers, or else clean paper inoculated with a 
little mud and then distributed in water, and demonstrated that in the mixture 
of gases evolved therefrom methane predominated greatly at the outset, but 
thereafter gradually diminished to the proportion i : i, so that Hoppe-Seyler, 
being unable to discover any other decomposition products, expressed the 
opinion that the cellulose is hydrolised by the action of the bacteria — which from 
microscopic examination he asserted to be the same as Yan Tieghem’a Ba(yillu 8 
amylohact&' — and is then split up into equal volumes of methane and carbon 
dioxide, according to the equations — 

= SCOg + 3^P-4 

He found the ratio different when sulphates (gypsum, &c.) or ferric salts 
were present in the water or mud. In such case the nascent methane, by its 
reducing action on these salts, converts them into carbonates, sulphuretted 
hydrogen being hberated, acooidmg to the equation — 

CaSO + CH4 = CaCOg + HgS + HgO 

The sulphuretted hydrogen is, then, under natural conditions, acted upon by 
the sulphur bacteria which are always present in such waters. This will be 
dealt with in chapter xxxv. 

The importance of cellulose fermentation in the physiology of nutrition 
(especially of cattle) must also be briefly adverted to The opinion long held by 
EmiL Wolff, that the vegetable fibres consumed with the food pass out of the 
alimentary canal unaltered, was contradicted, m the case of ruminants, as far 
back as 1854? by Haubner, who showed that even in the case of sawdust and 
paper pulp mixed with the fodder, only a portion (less than half) was expelled 
again in the excrement, a fact confirmed by the exhaustive researches of Henne- 
berg and Stohmann. The difference between the amounts of cellulose (crude 
fl.bre) taken in and rejected was highest in the case of ruminants (up to 75 per 
cent ), being only 50 per cent, at most in horses, and still leas in the human 
subject and in swine In carnivora (dogs), on the other hand, no such difference 
could be detected. The quantities of cellulose thus disappearing in digestion 
were, it was thought, digested, and were regarded os approximately equivalent 
m nutritive value to the soluble carbohydrates A number of animal physio- 
lopsts maintained that the cellulose was dissolved by an intestinal eWme 
which, however, was sought for in vain. The earliest reliable determinations 
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on this point were made by H. Tappeineb (I ) m 1884, who showed the fate 
of all cellulose taken into the body and not evacuated in the feeces to be, not 
digestion and absorption into the aiterial eii dilation, but fermentation into 
marsh-gas. The operation, however, does not proceed exactly according to the 
above equation, but yields, in addition to methane, volatile fatty acids (chiefly 
acetic acid, then butyric acid, <fec ) Bearing this in mmd, this decomposition 
process cannot be regarded as totally without value for the animal body, although, 
naturally, the coefficient of digestibility, hitherto usually assumed, necessaiily 
suffered considerable depreciation Moreover, this process is indirectly favour- 
able, in so far that, by the solution of the cell- walls, the cell contents of the 
vegetable nutriment are laid bare, and thus rendered more readily accessible 
to the digestible fluids. Although by this discovery the chief source of the 
intestinal gases so copiously evacuated by herbivorous animals is made manifest, 
still it should not be assumed that the methane therein is exclusively derived 
from the fermentation of cellulose, since Ruge and Planer proved that, even in 
cases of a purely flesh diet, methane is to be found in the intestinal gases (of 
man and the dog). 

Cellulose fermentation also plays a pait in the preparation ol brown bay, 
sweet ensilage, and sour fodder, considered in chapter xxvu , where it forms 
one of the causes of the great loss of matter inherent in these processes, in 
connection wherewith reports have been made by Weiske, 0 . Kellner, 
M, Maercker, and others. This process also goes on — as shown in 1884 by 
P. pEHiiiAiN (I.) and E Gayon (I.) — in manures If, favoured by special 
circumstances, it proceeds more rapidly than the decomposition of all the other 
(and especially the nitrogenous) constituents, then an irregulaily fermented 
product — deflcient in the fibres necessary to impart porosity tb the mass — and 
known as fatty manure, is the result 

The evolution of marsh-gas and hydrogen by the agency of bacteria also 
occurs, not infrequently, in other situations ; for instance, in the diffusers in 
sugar-works, and very often so strongly that the amount of gas suffices to 
produce powerful explosions when the diflusers are lucautiously approached 
with a naked light. The teaching of experience, that frozen beet is particularly 
liable to such a form of decomposition, is probably explicable by the circum- 
stance that such beet cannot be entirely freed from adherent particles of soil, 
and the ferments present therein. It is also conceivable that, by the agency of 
frost, the pectins in the beet are transformed into a more readily decomposable 
condition. On this point a few observations have been made by Millot and 
Maquenne, and, more recently, by P Dehisrain (II ) , more accurate mvestiga- 
tions thereon are, however, still lacking. 

§ 119.— The So-called “ Retting* ” of Flax and Hemp. 

The present forms the most fitting occasion for making a few explanatoiy 
remarks on this matter As is well known, it is the bast fibre of these plants 
that IS referred to when hemp or flax is spoken of in the textile industry In 
order to lay these fibies bare and obtain them m a pure state, it is necessary to 
dissolve the intermediate intercellular substance (the so-called central lamellaE)) 
— which consists, not of Pectose, as stated by J . Kolb, but (accoWing to the 
researches of Mangin) of calcium pectate This can be effected by chemical 
means, by a (patented) process which Haur successfully introduced into Silesia 
on a laige scale in 1882, and which consists mainly in treating the plants with 
very dilute sulphuric acid, and then neutralising the adherent acid by a weak 
alkali bath. The solution of the cementing calcium pectate can, however, be 
brought about by a fermentation, known os ‘‘retting,” that has been pmctised 
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from remote ages without any special knowledge of the more delicate proi 
involved According as the moisture necessary for this fermentation (or fc 
development of the fission fungus effecting the same) is imparted to the ri 
stalks by means of dew, sprmklmg them with water, or by immersion 
process is known as dew-retting, water.-retting, or, finally, mixed retting. 

With reference to the bacterial species taking an active part m this pr 
Yan TrEGHBM (YL) in 1879 expressed the opinion that they should be ass 
to bis BaoiUua amylobaoten'^ which he, as already mentioned, also regarded £ 
cause of cellulose fermentation. The inaccuracy of this view is evident, 
if the retting (Fr voui&Bage^ Ger, o'oaten) of the flax were mainly a proci 
cellulose fermentation, thei'e would not be much of the fibre (which chiefly 
sists of cellulose) left. It was Y. Fnbes who — ^working under the dire< 
of S WiNoaBABSKT (I.) — in 1895 clearly proved the true state of the c^' 
made known the active agent of this pectin fermentation. This organisr 
fairly large-celled species, occurrmg in the form of rods, which, when y 
have a length of 10-15/4 with a breadth of o 8 p, but subsequently b< 
broader )i /x), and swell up to a thickness of 2 p at the one end (tadpole si 
where a long endospore (i 2 x 1.8 p) is developed. This (anaerobic) bacilli 
not grow on gelatin, but when supplied with nitrogenous food in the £0 
peptone will ferment glucose, saccharose, lactose, and starch, leaving these, 
ever, untouched when the peptone is replaced by ammonia salts. On the 
hand, even in this latter case, any pectin bodies that may be present, ?.fl. ] 
and pectio acid, are fermented, and that, too, even more readily than the < 
hydrates already mentioned The organism, however, has no action on cel 
and gum-arabic. When clean portions of plants, previously washed, first 
acidified, and then with faintly alkaline, water (free from bacteria), are ex 
to the action of pure cultures of this bacillus, they quickly lose the g] 
portion of their pectin content, the loss of weight they suffer bemg a 
exclusively due to this cause. As reported by E. Ppuhl (II.), a paten 
been obtained in the United States by Allison and Pennington for the m 
tested by them, whereby the retting of Aax can be effected in a few days i 
class of water by the addition of salts promoting the growth of the d 
ferment Perhaps an inoculation by water from a locality — such as the 
Lys, a tributary of the Scheldt — where flax-retting is extensively carried 
also to be made. 

§ 120.— The Rancidity of Fats, particularly Butter, 

will be briefly dealt with here parenthetically, as there is no other appropriat€ 
for it. The characteristic indication of this well-known phenomenon is an in 
in the percentage of free acids (chiefly the volatile acids, butync, caproio 
This may be attributed to four different causes • (i) The activity of lacti 
bacteria converting the residual lactose in the butter into lactic acid, which 
js then transformed into butyric acid by Gramilohacter lactohutyricum ; ( 
decomposition of albuminoids (casern) by bacteria capable of forming b 
acid therefrom , (3 and 4) the dissociation of the fats into glycerin anc 
fatty acids, either by bacterial agency on the one hand, or by the action oi 
and air on the other. The preponderance of one or other of these < 
depends on the attendant circumstances. 

E Duclaux YI ) rendeied valuable service in demonstratmg the inf 
of air on the fatty matter of butter and cheese, and by showing tha 
influence is twofold, viz., it first, by saponification, breaks the matter u 
glycerin and fatty acids, and then converts the latter (especially oleic £icic 
oxy compounds. In the dark, and in presence of a copious supply of air, s 
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fication predominates, the butter then smelling strongly of butyric acid ; bub if, 
on the contrary, the ozidismg action gets the upper hand, then a tallowy flavour 
IS the result. 

A recognition of the influence of light and air does not necessarily imply that 
bacteria play no active part in rancidity. This latter view was maintained by 
H. SoHULZ (ir.) in 1878, but was afterwards denied by E. Ritseht (I ), Abata (I ), 
and others With reference to the careful work performed by Ritsert, it should 
be remarked that the mam point is in the treatment of the question as to the 
occurrence of rancidity in the absence of micro-01 ganisms The affirmative 
answer thereto does not, however, involve the conclusion that their activity is, 
under natural conditions, unimportant for the development of rancidity. The 
action of the lactic acid bactena can be illustrated by a practical example 
afforded by the so-called Tans butter. This is a particularly stable product, and 
is prepared from sweet cream, which, before churnmg, is heated to nearly 100® 0. 
and then rapidly cooled again, whereby the fission fungi just mentioned are 
killed The bacteria which split up the glycerides in butter mclude one which 
R. Krueger (I.) isolated from butter that had become cheesy, and which he 
named Bacillus jp^uorescens non kquefaciens 

Investigations on the breaking up of fats by bacteria, which process is of 
medic il interest in connection with the putrefaction of dead animals, were con- 
ducted by G. VON SOMMARUOA (I ), chiefly with pathogenic species, only a few of 
which were found to possess this power Among these may be mentioned 
Bacillus typhi abdoniinalis, B, pyocyamus^ Miciococcus telragenm, Vihno cholerce 
aaiaticoe^ DenjeMs spirillum^ and others. On the other hand, Bacillus mega- 
therium and B, suhtihs do not possess it. 



CHAPTER XIX 


THE PRESERVATION OP MILK. 

§ 121.— Dirt- and Germ-Content in Milk. 

The sterilibation of milk is excessively difS-Cult, because this liquid is particularly 
liable to lufection by very hardy germs. Even when yielded by a healthy cow, 
the milk, on issuing from the udder, is already infested with bacteria When 
milking IS ended, a small quantity of milk is left behind in the lacteal ducts, 
and in this there settle a number of bacteria which make their way from outside, 
are favoured in their development by the high temperature, and become in- 
corporated with the subsequent flow of milk. In addition to these are the 
innumerable bacteria originating in the dung and adhering to the udder. Both 
groups consist mainly of species very tenacious of life, derived from the soil and 
entering the alimentary canal along with the fodder They pass through the 
intestines unhurt, are conveyed with the dung on to the udder and the hands of 
the milker, and then into the milk, where they flourish exceedmgly The du*t, 
adhering to the cows, and itself infested with bacteria, is partly disseminated as 
dust through the air of the cowhouse, so that this also is impregnated with 
bacteria, and yields up no small quantity to the milk For investigations on 
this point we are indebted to G. J Leufv^n (I ), who held sterilised flat glass 
dishes open, for a second, above the edge of a milking- pail into which milk was 
being drawn from the cow, and then introduced into the dishes some liquefied 
nutrient gelatin, wherein the germs present in the basins developed into colonies, 
and could therefore be counted In this manner it was proved that, in the space 
of one second, from 47 to 1210 germs, according to circumstances, were deposited 
in an area of i square decimetre (100 sq cm , or about t 6 square incha'*). 

The amount of the germ-content is thus primarily determined by the degree 
of contamination prevailing m the cowshed, a criterion of which is afforded by 
the amount of dung constituents present in the milk This estimation was first ~ 
attempted by Renk (I ), who found, for instance, m the market milk of Halle- 
on-Saale, some 75 mg per hire; in Eerhn milk, 10 mg ; and in Mumch milk, 

9 mg. of such milk-dirt, the highest quantity amounting, at Halle, to o 362 gim. 
per litre. If the milk be treated in the centrifugal machine, in order to remove 
the cream, the dirt is separated, and collects, along with casein, bacteria, &c., as 
a coating, sometimes granular, at others mucinous, on the walla of the mner 
drum, and is generally known as milk-sludge It consists of about 26 per cent, 
of albuminoids, 67 per cent of water, Ssc , and is relatively much richer in 
bacteria than the milk. O. Wtss (I ) was the first to investigate this mud, and 
the quantity separated was found, in a case exammed by Niedeestadt (I ), to 
amount to 43 grma. per hectolitre (slightly more than 30 grains per gallon) 

The connection between the content of dirt and of germs m milk was shown 
-in particular by Uhl (I ), a few of whose figures are now given 
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Sundry researches on the germ-content of eow-dung, and on its dependence 
on the dietary, were carried out by E W-&THEiaHand E von Fbeudeneeich (I ) 
They found up to as many as 375 millions of bacteria per i gram of fresh fsecal 
matter, the majority consisting of Bactermm coh commune^ along with some 
3 millions of hay bacilli and others An equal weight of the hay used for fodder 
contained about millions of germs, of which about one-fourth were hay bacilli. 
Sour brewers’ grams (forty-eight hours old) yielded 375 million colonies. 

The germ-content of fieshly drawn milk increases very rapidly during trans- 
port to the centres of consumption, as also during storage, eg m milk-shops A 
number of estimations have been made in this connection, a few of which, by 
Feeudenreioh (II ), are subjoined. In these, the influence of the length of 
storage in conjunction with the prevailmg temperature is taken into account. 
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A milk with an initial germ-content of 9300 will be reckoned poor in bacteria 
when it is known that J. v Gettns (I ) found 2 5 million bacteria per c c in fresh 
samples of Amsterdam milk The reproduction can be moderated, but not 
arrested, by cold, because, as we have seen in § 61 , milk contains also sundry 
species of bacteria capable of development at 0° 0 . Therefore if it be desired 
to prevent the decompositions set up by these organisms, it will be absolutely 
necessary to kill the germs. 

§ 122.— The Part Played by Milk as a Carrier of Infectious Diseases. 

The aforesaid requirement is really imperative in view of the fact that diseased 
cows — which the owners often fail (or refuse) to recognise as such — ^yield milk 
containing pathogenic bacteria And this applies particularly to tuberculosis, 
from which complaint (on a moderate computation) one cow out of every five in 
Germany suffers. As reported by J On Bay (I ), on the authoiity of a compila- 
tion made by the Danish pathologist B Bang (to whom is due the honour of 
clearing up this question), out of 132,294 bead of cattle examined in the Copen- 
hagen slaughter-house between 1891 and 1893, ^3 j 305 (soJ^© i7*7 

per cent.) were recognised as tuberculous by macroscopic examination alone 
According to the researches of Dr Maiiiin, reported by R. Onopf (I.), one out of 
every thirteen samples of milk exposed for sale in Paris contains tubercle bacilli, 
and from the results obtained by Dr. Schroeder in Washington, at least one in 
every nineteen samples of milk sold in that city contains a sufficient number of 
tubercle bacilli to produce infection. For the microscopic investigation of the 
(specifically heavy) tubercle bacilli in milk, the sample, previously prepared by 
skimming and clarifying, is separated, by centrifugal force, m strong test-tubes, 
for which purpose special processes have been designed by TnOaNEn (1.) and 
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Ilkewitsoh (I ). K. ObbrmOllbr (I ) examined Berlin market milk in this way, 
and recognised it as infected with tubercle baoilh in a high degree. In this 
connection it should be remarked that, according to determinations made in 1896 
by A. BuiiLiNa (I.), goats are also liable to this disease, and therefore cannot be 
considered as immune. 

The extent of the danger attendant on the consumption of unboiled milk is 
not suffimently illustrated by the foregoing particulars, which are only concerned 
with the possibility of infection by such bacteria as are pathogenic for men and 
animals, ^ e. tuberculosis, anthrax, and so on. Milk is, however, also a frequent 
carrier of typhus bacilh, which fission fungi (almost exclusively pathogenic for the 
human subject alone) ^d their way into the milk, either directly from diseased 
milkers or milk-dealers, or from the milk vessels being swilled out with water 
containing these microbes. Farmyard wells are frequently very close to dung- 
hills, cesspools, and closets, and if typhus breaks out on such farms, then the 
well-water very soon becomes impregnated with typhus bacilli by means of feecal 
matter Proofs of this exist by the dozen. The first rehable observation on this 
subject was made by Ballard m [870, when an epidemic of typhus broke out in 
Islington, 67 houses and 167 patients being infected, A careful investigation of 
aU the cases led to its being ti?med to a farm-house from whence the milk supplied 
to the infected families was derived, and there the closet cesspool was found to com- 
municate (through rat-holes) with the well, the water from which was also used 
for cleansmg themilk-pails. To this first instance two others of recent date may 
be added One of them was mvestigated by Paul Schmidt (I.), and arouses 
mterest because it treats of the inmates of a prison, where communication with 
the outer world is much easier to trace. In two prisons in Strasaburg (Alsace), 
where typhus had not recurred since the Franco-German War, it broke out again 
m 1890, and that, too, among a section of themmates who had partaken of milk 
derived from a neighbouring village where the disease was rife The epidemic 
died out when the supply of milk from this source was prohibited. A second 
equally convincing instance was observed by Reich (I.) in 1892. Rowland (I.) 
found livmg typhus bacilh in an Indian milk-comestible (known as “ Dahi ”) — 
The so-called explosive occurrence of this rapidly extending pestilence in a healthy 
neighbourhood is thus explained by the fact of its germs gaining access to the 
system^ with the food. Finally, milk is also a earner of certain diseases that are 
recognised as infectious, but whose excitmg agent has not yet been discovered, 
e.g, scarlet fever — a case of which is recorded by W. H. Power (I.) — and foot- 
and-mouth disease. 


§ 123.— Boilingr Milk. 

The particulars given sujS&ciently evidence the necessity for killing the germs 
present m milk. ^ Experience teaches that a short boiling suliices to destroy the 
pathogenic organisms, the tubercle bacilli being — according to the researches of 
J. Forster and 0 . Db Man (I ), and of Bonhopf (I.)— killed by the action of a 
temperature of 

55® 0. in 4 houre. 

60® 0. „ I hour 
65® G, „ 15 minutes 
70® C „ 10 „ 

'^e cholera bacteria and typhus bacilli are, as proved by Gisuns (II.), capable 
of still less resistance, and are therefore killed much more quiclay than the 
tubercle bacilli by a treatment expressed by the above figures. Only a single 
pathogemc species can withstand the short boihng to which milk is ordinarily 
subjected in domestic management, and this is the anthrax bacillus (spores) 


80 C. in 5 minutes 
90® 0. „ 2 „ 

95" 0. „ I minute. 
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The danger incurred on this account is, however, slight, since this microbe only 
forms spores in presence of oxygen, and therefore not within (the arterial circu- 
latory system of) the animal body. Even in the worst case, therefore, only the 
vegetative forms (easily destroyed by boiling) of this microbe can find their way 
into the milk from the body of the cow , and, on the other hand, the intro- 
duction of these germs from external sources is hardly to be feared According 
to the researches of 0. Oaeo (I.), the virulence of spore-free forms of growth of 
Bacillua amthraoxB in milk disappears within twenty-four hours at a temperature 
of 15° 0 , a circumstance attributable to the injurious influence of the lactic 
acid gradually formed in that liquid. The spores, however, completely retam 
their vitality under these conditions. 

Among the bacteria present in unboiled milk, the species inducing lactic 
fermentation are never lacking, and it is to these that the souring of milk is 
due. The fact that they are destroyed by boiling explains why boiled milk will 
keep, without alteration, a much longer time than is the case with unboiled milk. 
In addition to the species already mentioned there is present a third group of 
Schizomyoetes forming spores very tenacious of life, which withstand boiling, 
and germinate when the milk is kept at a moderately warm temperature. The 
resulting rods having, by the process of boiling, been freed from the presence of 
sundry inconvenient associates of other species, then develop and increase 
rapidly, setting up a brisk fermentation whereby a large volume of gas is 
liberated. The importance and extent of this fact first becomes clear m the case 
of suckling infants, 

§ 124.— The Soxhlet Bottle. 

With the continual extension of enervation the number of mothers unable 
or unwilling to sucjcle their infants increases from year to year. How far the 
natural nourishment thus withheld is superior, in pomt of chemical composition, 
in the various periods of lactation to any artificial medley cannot be expounded 
here. From the bacteriological standpoint it may be regarded as almost perfect. 
If the mother be healthy in body, then the milk absoi bed by the child at the 
breast is, according to the researches of T. Ringel (I.) and others, almost entirely 
free from bacteria of any kind. The expression “almost free” is used advisedly, 
since the milk generally contains a small number, originatmg in the air and 
making their way into the lacteal ducts of the mammary glands, where they 
increase. The necessary hygienic treatment of this organ by the young mother 
will greatly contribute to the child receiving the best nourishment both bac- 
teriologically and otherwise. To return, however, to those other matrons who 
bring up their infants on the bottle, filled with boiled and sufficiently cooled 
milk The stomach of the young child being small, whereas the amount of 
material required for the growing body is large, the infant requires frequent 
supplies of small quantities of nouiishment. Generally, for the sake of con- 
venience, a sufficient quantity of milk for the whole day is boiled at once, portions 
of this being taken from time to time as reqmred Through ignorance on the 
part of the mother, or by the carelessness of the nurse, it often happens that 
this food IS supplied to the infant in a partially decomposed condition. A parti- 
cular fault, frequently committed, is that the bottle, which has been lying for two 
or three hours in the warm nursery, is refilled from the vessel containing the bulk, 
without the residual milk from the preceding meal having been removed. That 
such carelessness (frequent, though as constantly denied) must conduce to diges- 
tive disorders requires no further demonstration, the high rate of infant mortality 
from intestinal catarrh being sufficient evidence. 

For this reason it has been attempted to render milk stable by boiling it in 
small bottles, holding just sufficient for a meal, and closing the same with a 
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stopper (impervious to bacteria), which is removed only just before use This is the 
fundamental idea of the so-called Soxhlet method, of sterilising milk, in which 
several bottles are inserted in a movable frame and immersed in a tin pan con- 
taining water, which is thereupon kept on the boil for forty minutes Soxhlet (I.) 
employs latterly, as automatic stopper, an indiarubber disc resting on the ground 
mouth of the bottle, and prevented, by means of a loose-fitting tube, from 
becoming displaced laterally. The gases and steam given off from the milk in 
boiling escape into the air by forcing up the disc, and when the operation is 
finished and the apparatus is removed from the fire, this clack-valve is kept 
tight by the pressure of the outside air, the partial vacuum within the bottles 
being generally ecjuivalent to too mm of mercury This stopper not only pre- 
vents access of air, but also debars dealers or purchasers from opening the bottle 
with fraudulent intent, since it cannot be closed again. This ensures the pur- 
cha-sing public receiving the milk in the same unadulterated condition in which 
it left the dairy. Similar to Soxhlet’s method are those of Egli and Escherich, a 
short description of which (as also of those of Soltmann, Bertling, Gerber, and 
Stadtler) will be found in a comparative treatise by Emma Strub (I ). 

§ 125.— Germ-Content of Milk Treated by the Soxhlet Method. 

The foregoing method would meet all requirements were the destruction of 
the pathogenic and the lactic acid bacteria alone m question. However, os has 
previously been mentioned, milk also contains very baidy bacterial spores, able 
to withstand such a course of boiling as that specifaed. The number of such 
spores vanes, and is greater in proportion os the degree of uncleanliness m the 
attendance on the cows and in the operation of milking increases. These milk 
bacteria (which resist the ordinary means of sterilisation) were investigated 
with regard to their properties and action by 0. ElDgob (II ). A few of them 
are very widely diffused, but they do not develop below i8° 0. Milk sterilised by 
mere boiling may therefore be rich in such bacteria and yet keep unaltered for a 
long time at room temperature, though, if introduced into the alimentary canal 
of the young infant, the hardy spores develop into rapidly-multiplying bacilli 
which decompose the constituents of the milk. In such case, not only are 
copious amounts of gas, giving rise to considerable flatulency, formed, but also 
poisonous decomposition products of albimunoid matter, which when fed to 
puppies produce diarrhoea attended with fatal results. 

The danger incurred from this cause is much greater for the nursing infant 
than for the adult, not only because the latter oiganism is stronger, hut also for 
the further reason that the dietary of adults is a mixed one, in consequence 
whereof numerous other bacteria, mimical to those in question, are introduced 
into the alimentary canal. On the other hand, the result of using such imper- 
fectly and partially stenlised milk is that the digestive organs of the infant, 
nourished on milk alone, are converted into a veritable breeding-ground for 
these poisonous microbes. 

These bacteria are closely alhed to the Bacillu:, mesenteryms v^dgaius. Flugge 
himself described a number of such species , and S. Sterling (I.) added live 
new ones to the series, naming them — ^with reference to their chemical activity — 
as Baadhis lact'ia ^mptunwtia a, |9, y, 8, e Attention was drawn at an earher date, 
by Lobpfler (III,) and Emma Strub, to the frequent occurrence of B, mesm- 
tmcus mO gains in milk. 

Attempts have not been lacking on the part of dairy technicists and bacterio- 
logists to arrive at a method for annihilating these pests as well A critical 
exammation of these methods cannot, however, be made here, but any reader 
desiiing fuller details is referred to a comprehensive exposition of the question 
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compiled by H. Weigmaot (II ) At present, merely a single example will be 
given, namely 

§ 126.— The Method of Neuhauss, Gronwald, and Oehlmann, 

which was tested by Petri and Maassen (II ) We have already, in a previous 
section, demonstiated that it is not easy to render milk stenle in the strict 
meaning of the word. The high and long-continued heating necessary thereto 
IS sufficient to alter the chemical constitution of the milk in such a manner that 
it becomes almost unsuitable for nutiition The lactose, as P Oazeneuve and 
Haddon (I ) have shown, decomposes into dark brown fission products (contam- 
mg formic acid), with an empyreumatic flavour, the fat loses its emulsified 
condition and separates out as cream, which cannot be made to diffuse again 
even by shaking ; and the albuminoids are converted into a form very difficult 
of digestion. 

Neuhauss, Gronwald, and Oehlmann, calling to mind the information afforded 
by the fractional method of sterilisation, sought to induce the hardy spores to 
germinate, in order that the end in view might then be attained by moderate 
means With this object the milk is placed in bottles with loose-fitting stoppers, 
which are then put into a specially constructed case, where they are surrounded 
by steam and allowed to remain for half an hour at a temperature of 80^-95° 0 
This so-called preliminary sterilisation is once repeated, with the result that the 
pithogenic and the lactic acid bacteria are destroyed, and the milk is then 
left to cool gradually, whereby it passes through the degrees of temperature 
favourable to the germination ( f the surviving hardy spores On the following 
day the samples are subjected (in the same bath) to the so-called chief sterilisation 
at 102° 0., and when this is finished the stoppers of the bottles are immediately 
and simultaneously tightened up by means of an arrangement manipulated from 
the outside. The instructions given to adhere to a temperature of 102° 0 prove 
that the germination of the spores is not numericially complete, since, it this 
were the case, a maximum of 100° 0 would suffice for the chief sterilisation, all 
the vegetative forms quickly peiishing at this temperature. If, h »wever, spoies 
be still present at the commencement of the chief sterilising process, the 
probability is by no means small that they will also be able to withstand the 
short exposure to 102° 0 , and it may be anticipated that even this method will 
not always accomplish its object. As a matter of fact, reports are not wanting — 
e g that of M Bleisoh (I ) — to the efiect that milk samples assumed to have 
been sterilised by the method m question have been subsequently discovered to 
be in a state of decomposition , whilst Eliigge was unable to confirm the 
favourable leports given by Petii and Maassen, and Piotet and Wbyl (I ) 

In short, there is at the present time no practicable and certain method for 
freeing milk (on a large scale) fiom geims without at the same time seriously 
prejudicing its flavour and nutritive value Since, then, the annihilation of the 
hardy germs in this ease is so difficult, attention is now directed to their 
exclusion from the milk , the greatest care is therefore taken — ^hy washing the 
udder, hands, and milk vessels— to tecure extreme cleanline s in the preparation 
of “nursery milk” intended for infant consumption. The so-called sterilisation 
then becomes a much easier taslc, the milk, drawn with such piecaution from the 
cow, being very poor in the above-mentioned gas-forming bacteria As a ready 
means of detecting the presence of these organisms will often be useful to the 
scientihc adviser of a Dairy Association, the fermentation flasks described by 
F. Schaffer (I ), Tu. Smith (1 and II ), and others, are therefore recommended 
for the regulai examination of the milk supplied by the individual faimers* 
as regards its content of the pests under consideration. 
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§ 127.— The Content of Pathogenic Germs in Various 
Dairy Products. 

A few words must be devoted to the description of the treatment of skim- 
milk in the factories of Dairy Associations As is well known, a large poition 
of the fresh milk sent to the dairy is not sold as such, hut is employed for 
butter-making. The skim-milk formed in large quantities during this process is, 
in many instiinces, partly sold sa, and partly worked up into semi-fat and 
skim- cheese, milk-bread, and the like. In other cases, the contracts made with 
the members of the association stipulate that each shall have returned to him, 
for feeding purposes, a quantity of skim-milk proportional to hia deliveries of 
new. Now, since in these large dairies the cream is removed from the milk by 
means nf the centrifugal machine, it follows that the milk from all sources 
becomes intimately mixed up together, and consequently if any one parcel of the 
milk IS contaminated, the uhole of the skim-milk will become infected thereby. 
In this manner an epidemic hitherto confined to a single farm may, by means of 
the returned skim-milk, be rapidly disseminated to all the other cowkeepers. 
This has actually been frequently proved in respect of the foot-and-mouth 
disease In this connection there is an increase in the number of supporters of 
legislative action in favour of a compulsory heating of the skim-milk returned by 
dairies to the farmers As reported by P. ViiiTii ( 1 .), a Ministerial ordinance 
has been in force in Prussia since 1894, prescribing that the skim-milk from 
cows suffering from infectious diseases shall be either kept at a temperature 
of 90° 0 for at least a quarter of an hour, or be heated up to 100° 0. befoie 
being allowed to leave the dairy. 

It IS imperatively necessary that the cream destined for butter-making 
should be freed from pathogenic germs According to the concordant results of 
the researches of L Heim (IV.), G Gaspehini (JI.), and 0 . Roth (I.), the active 
organisms of cholera, typhus, and tuberculosis present m the buttei* long retain 
their vitality and power Now, a large proportion of the butter made is con- 
sumed in a raw state m the form of bread and butter and the like, and if it has 
been derived from milk or cream infected with pathogenic bacteria, its consump- 
tion IS attended with great danger. Consequently a reliable pi elim inary 
treatment of the cream to ensure the removal of these germs is ni the highest 
degree desirable. That this can be practically accomplished will be shown in 
chapter xxiu. which treats of the artificial souring of cream 

The same requisition should also be imposed in the case of milk designed for 
cheese-making, but at present this can haidly be effected, because the treatment 
required for killing the pathogenic germs lessens the suitability of the milk for 
the purpose in view, and also modifies the fiora of the milk to such an extent as 
to unfavourably influence the ripening process of the cheese prepared therefrom. 
In fact, until we are in a position to introduce and carry on this process to its 
completion m a reliable manner by artificially added ferments, the abo\e named 
requmement must necessarily remain unfulfilled. Fortunately the acid produced 
by the ripening process forms an effective antidote, which checks the develop- 
ment of the pathogenic organisms. H. 'Weiomann and G. ZiiiN (I) pio\td 

Baallua (mbrto) choletoi asiaticce peiished within twenty four houis when 
artificially moculated on cheese. 

As mil be gatheied from the preceding observations, tlio aienliswg of milk 
^mples destined for the cultivation of oiganitma in the laboratory is a very 
troublesome (^eration, since this necessitates an absohUe freedom from geims 
in order to obtain this result, the samples are exposed for ten to fifteen minutes 
to steam under pressure, at a tempeiatuie of 120*^ C. The decompositions 
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condensed milk i^i 

hereby induced have no injurious effect in some cases; nevertheless when 
dehcate organisms are to be cultivated that would not thrive in milk thus 
altered, a method of mixed sterilisation must be practised. A little ether or 
chloroform is added to the sample, allowed to react for a short time, after being 
thoroughly shaken up, and, at the end of two or three days, disinfection is 
effected by placing the sample for twenty to thirty minutes in the steamer (at 
ioo° 0 .). The statement, often met with in books, that milk may be sterilised 
by exposure to the action of a current of steam at ioo° C. for twenty to thirty 
minutes on three successive days, is (according to the author's experience) 
deceptive. If such “ sterilised ” milk be placed in the incubator, an effluvia! 
decomposition, with copious development ot potato bacJli and the hke, will be 
noticeable in nine cases out of ten. 

A number of bacterium poisons — the suitability of which has been made the 
subject of comparative investigation by J. Neumann (I.) and M. K^hn (I.) — 
have been proposed for preservmg milk that is to be sent to a laboratory for 
the purpose of having its fat-content ascertained The potassium permanganate, 
formerly recommended, behaved badly under the ordeal, whereas, on the other 
hand, potassium bichromate (for the use of which for the purpose m question 
A 16 n has taken out a patent) proved reliable m cases where it was a matter of 
preservmg mdk that was still sweet. The sample is treated with an admixture 
of 0.5 grm. of pulverised KjOr,Oy (or with 5 c c. of a 10 per cent solution of 
this salt) per litre, the dilution pioduced in the latter case exeicising no appre- 
ciable iniluence on the accuracy of the fat determination. If the milk at the 
moment the sample is drawn is already somewhat sour, then an addition of 
ammonia — 3 c.c, of a 27 per cent, solution of ammonia per litre of milk — will be 
preferable. 

Not mfrequently milk intended for sale is qualified with substances acting 
as poisons towards bacteria, with the idea of mcreasing its keeping properties. 
Boraoic acid, both in the free state and in the form of borax, is m great favour 
for this purpose, and recourse is occasionally had to salicyhc acid. F M. Horn 
(I.) records an instance where benzoic acid was used. AU additions of this 
kmd are contrary to law, and therefore pumshable.j 

§ 128.— Condensed Milk. 

It is not infrequently desirable to convert large quantities of milk into a 
permanently stable condition for use as food, e.g, for provisionmg ships. In 
other cases, owing to local circumstances, the milk production of a district may 
be far in excess ot the local requirements, and consequently the necessity arises 
for oonvertmg the product mto a stable and readily portable condition for 
export. Many of the Swiss Cantons, for example, are m this position. Such 
milk must be capable of remaining entirely unaltered for any desired period 
(several years), even when exposed to tropical temperatures — a condition un- 
attainable by any of the means already described. In former years the opmion 
was current that this could be effected by the method proposed by Appert, and 
in the middle of the seventies Nageh also attempted to attain this object by a 
similar (secret) method of treatment. However, the “ preserved milk " produced 
by him (and not a few of his successors) failed to fulfil expectations, and equally 
unfavourable results attended the numerous attempts made to render milk 
stable by so-called “ Pasteurisation," i.e, by the prolonged action of a temperature 
of about 60° to 65® 0 ., in connection with which subject N. L. Euss^ll (HI.) 
earned out a senes ot investigations (Fig. 51). All these methods, as well as 
numerous others of allied nature — such, for example, as that devised bySoidilet, 
and which Loeflund attempted to technically utilise — ^have, however, been 

I L 
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recognised as unreliable At present there is only one single way of ariiving at 
the object m view, and that is by thickening the malk and adding sugar. 

This so-called “condensed milk” — os manufactuied in pai-ticular by the 
“ Anglo-Swiss Condensed Milk Company ” in their chief factory at Cham, on 

Lake Zug, and in a number of brancli 
' ■ ■ estabhshments outside Switzerland — is 

n prepared in the following manner . The 

fresh new milk is purified by centrifugal 
force, and is then heated on a water** 
bath until nearly boiling, and mixed (in 
a wooden vat fitted with a steam coil) 
with 12 per cent, of cane-sugar. When 
this IS dissolved the liquid is passed 
through a fine sieve and transferred to 
a vacuum pan, where the thickening 
process is effected at a temperature of 
5 o°-6o° 0 As soon as the requisite de- 
gree of consistency is attained the milk 
is lun off, rapidly cooled, and packed in 
clean tins, which are soldered air-tight. 
Commercial condensed milk contains 
about 25 per cent of water and 50 per 
cent, of sugar, the remainder consisting 
of albumen (12 per cent,), fat (ii per 
cent ), and ash (2 per cent ). 

Some of the germs present in the new 
milk, especially the lactic acid bacteria,, 
are already killed by the aforesaid heat- ^ 
ing before and during the thickening process. A few, however, survive this, 
and ore found to be still alive in the finished product, but not in a condition 
to do any damage, since the high concentration plasmolyses the germs, retarding 
their development and so preventing decomposition By reason of its high con- 
tent of sugar, however, this condensed milk is unsuitable for the nourishment of 
infants. 


Fio SI 

lUuBtratlon of the effect of Paatevrlfllng milk 

The hkok square represents tlie germ-coutent of 
raw milk per unit of space, that of the some 
sample alter Paatemisation being shown, by 
the small white square. (Jfter Rua&ell ) 



Chapter xx. 

■JhE PEESEHyATION OP MEAT, EGGS, VEGETABLES, AN'D PEUIT. 

§ 129.— Storage in Cold Chambers. 

It has been established by the researches of Meissner and Rosenbaoh (I ), 
G. flAUSEE (III.), P. Zahn (I ), J. YON PoDOR (L), and others, that the blood 
and flesh of healthy animals are entirely free from fungi. On the other hand, 
the contents of the digestive organs are exceedingly rich in Schizomycetes, higher 
fungi not being absent, though their number is quite subordinate to that of the 
former organisms. As was shown by D Popopf (1.), the digestit'e canal of the 
healthy new-born animal is, at the moment of birth, free from bacteria. These^ 
however, subsequently obtain access, principally in the food, and the contents 
of the bowels become extremely rich in microbes. According to the researches 
of Nbnoki and Prey (L), such species as decompose the carbohydrates predomi- 
nate in the small inte^ine in man, whereas in the large intestine the microbes 
productive of albuminoid putrefaction exert their sway. 

If, now, the carcase of a slaughtered animal be left without being disem* 
bowelled, these saprophytes will make their way through the capillary vessels 
of the intestinal villi into the arteries, the alkahne contents of which (rich in 
albumen), are unusually favourable for the development of these acid-shy putre- 
factive bacteria, so that the entire carcase quickly begins to undergo decompo- 
sition This can be prevented by the excision of the entire length of the 
alimentary canal from cesophagus to rectum inclusive, and if this long-known 
and practised precaution be adopted, then the remaining flesh, (fee , will be per- 
fectly free from fungi. If putrefaction subsequently arises, it is due to the 
baotena from external sources (air, supports, butchers’ hands, Ac.) obtaining 
access to and settling in the flesh. Their gradual penetration by way of th6 
blood-vessels into the interior of the flesh was studied by S. Teombetta (I.) and 
by Gartner. The latter found them only m the external layers m the case of 
meat three days old, but, at the end of another seven days, they had penetrated 
to a depth of z cm. below the surface. Smoe the sources of this bacterial 
infection cannot be entirely shut off, though they may be considerably reduced 
by cleanly procedure, attempts are made to prevent the increase of these parasites 
in the fl^. 

The oldest known remedy is cold, but in order to realise expectations, the 
temperature must be kept several degrees below zero (0.), and this is the method 
pursued in the large (export) abattoirs in America (Chicago in particular) and 
Australia. Immediately a beast is killed and disembowelled, the carcase is 
placed in a refngerating chamber and then transported in cooled railway trucks, 
and cold chambers on shipboard, to its destination in a frozen state. Thus, for 
instance, there appear daily in the London market hundreds of carcases of 
Australian sheep still frozen hard. In a similar manner Central Europe has 
been for several years supplied with haddocks prepared for shipment m the north 
of Norway (Vardo) by being frozen at - 40° E. ( - 50° 0 ) directly they are caught 
and cleaned, and being then shipped in this condition in specially built steamers. 
The freezing of meat does not kill the germs present, bub merely hinders their 
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reproduction, and, as a matter of fact, A Koch (III ) found very many bacteria 
m fish that had been treated in this way. 

If the meat be not stored at low temperatures, but merely put in the ice-chest 
or laid on ice, whereby it attains, m the most favourable instances, a tempera- 
ture of 0 ° O.s then, as follows from the already reported labours of Forster and 
others, an increase of the initial number of germs ensues. To the activity of 
such cold-supporting organisms is attributable the peculiar, disagreeable taste 
and smell acquired by edibles after remaining in the ice-chest for a few days. 
Actual putrefaction is not, however, produced by these bacteria. 

We must not lose the present opportunity of issuing a warning against 
bringing food-stufla m immediate contact with natural ice, since this substanc€ 
contains not only numerous putrefactive bacteria, but also, under certain circum 
stances, pathogenic germs (especially typhus bacilh) as well. In this connectior 
we may refer to the researches into the bacterium content of ice that have beer 
made by 0. Fbahnkbl (Y ), Boedoni-XJffebduzzi (IT.), F. Petjddbn (I.), anc 
A. Hbykoth (L). In the cooling chambers of large abattoirs — of the arrange 
ment of which there is an excellent description in a work by Osthoff (I.) — th( 
meat is not exposed to this source of infection. 

The well-toown fact that frozen meat, when thawed, undergoes decompo 
sition more rapidly than fresh meat is easily explained. The cellular structure 
is loosened by freezmg, and access to the interior is thereby facihtated for an; 
organisms present on the surface. 

§ 180 .— Dried Meat and Salted Meat. 

The development and activity of the orgamsms excitmg decomposition cai 
also be prevented by depriving them of the water necessary for metabolisu: 
The drying of meat has been practised, particularly in hot countries, from th 
earhest times. The resultmg conserve is known in South America under th 
names of pemmican, charque, and tassajo. The process is as simple as it ] 
reliable, and has a great future m prospect, especially for the provisioning c 
armies m the field. In the method of treatment hitherto practised, the me£ 
during drying suffers a great depreciation in flavour, but in recent years Hoi 
mann and Meinert have devised and patented a process for the artificial drym 
of meat without removing or destroying its flavouring matters. By this proca 
a Bremen firm manufactures a meat meal met with in commerce under the nan 
of G(miepM*a. 

Under the same name inferior meat meals only fit for cattle food are shippt 
to Europe from Argentma ; these are prepared from waste materials and requi 
some care m handling. The drying of flesh does not, of course, result m tl 
killing of all the bacteria present therem, and if the fieifii of cattle suffering fro 
epidemic diseases has been employed, then, under the defective conditions 
live-stock inspection in South America, disease germs will be disseminati 
by means of such infected food, A case of this kind has been reported i 
R. Bueki (I.). 

The most important example of dried flesh is afforded by the dried cod-fi 
(stock-fish), which forms the chief article of export from the Scandinavu 
peninsuia. It contains, in the dry state, nearly 8o per cent, of albumen, ai 
constitutes a favourite and cheap article of food among the poorer classes 
Central Europe. 

The salting and pickling of meat is generally credited with great effica( 
but a closer examination reveals that it is really only the hygroscopioity of t 
salt that comes into play and that the sole power the latter possesses is that 
setting up plasmolysis in the germs present in, or subsequently conveyed to, t 
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flesh, ar>d so preventing their reproduction. Consequently, the germs, especially 
those of a pathogenic nature, cannot be completely killed by these processes. 
0 J. Da Fubytag (I ) has proved that the i^uence of concentrated solutions 
of common salt is resisted by tubercle baoilh for three months; by typhus 
bacilli for six months ; and by the bacilli of swine erysipelas for two months, the 
organisms remaining alive and virulent during these periods. E, Pbuoh (I ) 
examined the effect of salting on the flesh of animals succumbing to anthrax, 
and found that a ham from such an animal, after lying in salt water for fourteen 
days, still contained virulent anthrax bacilh, as was proved by direct experiment 
on animals with the expressed juices of the meat. Petri (II.) showed that 
virulent rothlauf (erysipelas) banilli were still present in the pickled flesh 
from swme affect^ with swine erysipelas, after six months* immersion in bnne. 

If the inspection of moat is earned out with even only a moderate amount of 
care, it will not be easy for animals suffering from anthrax to be slaughtered for 
food , so that there is not ijauch danger to be dreaded from that source. The 
case is, however, different as far as animals affected with tuberculosis or swine 
erysipelas are concerned. 

In a former paragraph the prevalence of tubercular affections among cattle 
was mentioned, and this should be suflScient to deter the reader from indulging m 
uncooked beef, whether in the form of beefsteak ct la tas^tare’^ or uncooked 
pickled beef. It is well known that the flesh of swine that have been com- 
pulsorily slaughtered on account of swine erysipelas is offered for sale ; hence it 
naturally follows that many kinds of (“ ^(mrst ”) sausages that are made from raw 
flesh, and eaten in an uncooked state, will contain pathogenic germs, 

§ 181*— Smoked Meats and Corned Beef, 

Smoking forms a more reliable means of preserving meat from putrefaction, the 
real active agents in the process being the vapours of phenol, creosote, and allied 
compounds present in the smoke. Beechwood being found to yield the smoke 
contammg the largest quantities of these substances, is therefore held m 
particular esteem for this purpose. The volatile distillation products of heated 
wood chips are condensed on the pieces of flesh, and arrest the development of the 
bacteria. Since, however — as A. Serafini and G Ungaro (I.) have shown — 
these antiseptics do not penetrate far into the flesh, and are therefore unable to 
exert much action m the interior of the pieces, smoking can only be effectual 
when it is a question of preserving fresh meat (from healthy animals) which is 
only superficially infested with germs. The manner in which the process is 
carried out in practice very often leaves much to be desired ; and thus it is — as 
shown by the exhaustive researches of H. Bsu (I.) and A, Serafini (I.)— that 
the germ-content of commercial smoked meat varies considerably. The salting 
which precedes smoking, though of such httle efficacy in itself, is nevertheless 
useful, and forms an essential part of the process, by withdrawing water from the 
meat, and thus facilitating the penetration of the smoke. The oertam destruction 
of pathogenic germs is not effected by smoking, Petri having found that the flesh 
of swine affected with swine erysipelas contained erysipelas bacilli in a state of 
undimmished vigour, after immersion for a month in brme, followed by careful 
smokmg for fourteen days. A similar unfavourable result was obtamed by 
J Forster (III.) in the case of smoked meat from tuberculous animals. 

The best method at present available for the preservation of meat consists in 
steaming the same in vessels which remain hermetically closed up to the time 
the meat is eaten Such a food is known as preserved meat (m the restricted 
sense), or as tinned meat, the quality in most demand being corned beef (chiefly 
obtained from Chicago). This shovld consist of the flesh of oxen, but, neverthe-' 
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leas occasionaUy originates at the horse^slaughterer's. As already explained in a 
former chapter, we are indebted to the French confectioner Appert (I ) for the 
fundamental practical experiments made in connection with preservation by 
steaming, In accordance with his process, the meat is boiled m any convenient 
vessel and pressed into tine. These are then closed, with the exception of a 
small aperture, and placed in a bath of boiling water, the aperture bemg closed 
by means of a little liquid solder, after steam has been given off for a short time 
Appert's successors subjected his process to numerous modifications, Pastier pro- 
po^g to heat the tins up to no® 0. in a bath of salt, and others recommending 
, additions of boracic acid, &o. Up to the present, no known antiseptic possesses 
the dual property of, on the one hand, preserving flesh without depriving it 
of valuable nutritive constituents or flavouring matters, and, on the other, of 
having no injurious effect on health when the meat is eaten regularly. 

Inventors have been, and are still, particularly active in this field, and the 
different processes for preserving meat that have been proposed are very numerous. 
To report exhaustively on these would, however, far exceed the limits of the 
present work i any reader wishing to be more accurately informed on this subject 
is referred to a comprehensive treatise compiled by Plaggb and Trapp (I ). 
Instructions intended for practical use in the preservation of meat, fruits, 
vegetables, &c., have been given by L E Anol^s (I.) and J Be Brbvans (I.). 

§ 182.-“Preservin8rEgrgrs. 

The contents of the freshly laid eggs of birds, especially of poultry, are not in 
all cases perfectly free from fungi. In refutation of a widespread assumption to 
the contrary, it was shown by U. Gayon (II.) in 1875, and confirmed by 0 . E. R. 
ZiiiMEBMANN (I.) in 1878, that the eggs, even of hedthy birds, are exposed, even 
during the time of their formation, to infection by bacteria These organisms, 
starting from the common anal duct of the bird, make their way into the ovary, 
where they become mixed with the albumen of the embryo egg, and reproduce 
themselves therein when the nutrient medium permits The new-laid egg is 
therefore abeady inhabited by bacteria, a circumstance that must be borne m 
mind when it is desired to utilise raw eggs for the cultivation of bacteria, 
according to the proposal made by F. Hueppb (V.). 

The obnoxious decomposition not infrequently set up in eggs is generally 
attributable to the development of these early intruders. Their pure cultivation 
was first attempted by J. Sohrank (I ), and then on a larger scale by 0 . ZCrkbn- 
dOrpbr (I.), according to whom the so-called spontaneous stinking putrefaction 
of eggs goes on m two ways. 

The first type is characterised by the albumen (white) changing colour through 
whitish-grey to grey-green, and by the yolk becoming gradually converted mto 
a greasy, blackish -gi'ey mass. At a subsequent stage the yolk becomes mixed 
up with the albumen, so that the entire contents of the egg form a pulpy ichor, 
smelling strongly of sulphuretted hydrogen, which gas is not infrequently pro- 
duced in such quantity that the shell of the egg bursts with a report. Of the 
organisms taking part herem, Zorkendorfer isolated ten species, and distinguished 
them as Bacilhis oogenes hydrosuljurms a, / 3 , y, d, e, 77, 6 , i, k, the first six of 
which hquefy gelatin. 

In the second type of (bacterial) egg-putrefaction this gas is not detected. 
Here the yolk and the albumen quickly coalesce to form an initially thin, but 
subsequently pulpy, mass of a pale ochreoiis-yellow colour, and with an odour 
like that of human fesces. Zorkendorfer described five species of organisms 
causing this decomposition, and bestowed on them the name of Bacillus oogenes 
fiiUorescerhs a, ft, y, 8, e. The first of these liquefies gelatin, and they all elabo- 
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rate a pale green pigment which imparts a beautiful blue fluorescence to the 
medium. 

All these bacteria are exclusively aerobic, 2.0. oxygen is essentially necessary 
to their development This needful gas obtains access from outside by passing 
through the eggshell, which is well known to be permeable thereto, since other- 
wise the development of the embryo chicken could not proceed. This necessity 
for air on the part of the egg-putrefying Sohizomycetes supplies the explanation 
of the practice currently employed for preserving eggs, viz., by simply immersing 
them in milk of lime, which not only excludes air, but also — by its disinfectant 
properties — acts on the organisms present on the eggshell and ready to penetrate 
into the mterior, killing some and restricting the development of others. 

The aforesaid bacteria perish within the space of two days when exposed to 
temperatures above 40° 0., but at lower temperatures and in damp air they 
develop rapidly. Bearing these facts in mind, eggs covld be preserved by keeping 
them for one or two days at 50° 0. and then storing them in a dry place, were 
it not that the quality is thereby depreciated. If, then, steeping in milk of lime 
is not determined upon, the eggs can be preserved by coating them with lacquer 
or varnish after a careful cleaning. 

That bacteria penetrate through the unbroken eggshell has — contrary to an 
opposite opinion expressed by Gayon — been placed beyond doubt by the ex- 
haustive researches of Zorkendorfer. Wilm (I ) showed that pathogenic bacteria 
are also capable of so doing, cholera bacilli being found, in his experiments, to 
penetrate to the interior of the egg within fifteen to sixteen hours. Piobkowhki 
(I ) arrived at a similar oonclubion with regard to typhus bacilli. On this account 
none but clean ohafif, free from pathogenic organisms, should be used for packing 
eggs. 

Bacteria are not to blame in all cases where eggs become spoiled during 
storage, but sometimes higher fungi {Exmyceies) come mto play, penetrating 
the shell and growing freely in the interior. Further particulars on this point 
will be found in the second volume, in the chapter dealing with Hormod&iidron 
cladosporioides. 

§ 133.— Desiccating and Preserving Vegetables and Fruit. 

In contradiction of the erroneous assumptions of M Galippb (L) and 
H Bbrnheim (II.), it has been shown by B. Latjeent (III ), A. Fbrnbaoh (I.), 
and H. BuOHEfER (VIII ) that — apart from the exceptions to be considered in 
chapter xxxiii — ^the cells and cellular tissues of the higher plants are, whilst in 
a healthy condition, free from fungi In the preservation of vegetable food- 
stuffs it is, therefore, merely a question of the destruction, or restriction of 
develepment, of the germs of extraneous origm inhabiting the surface. The 
oldest procobs for attaining this object is that of drying, and this is practised 
more particularly on certain fruits In warmer regions the rays of the sun 
suffice, e g. in the case of raisins and figs, but in colder climes recourse must be 
had to artificial warmth, and, consequently, so-called kilns or dr}Tng ovens are 
employed, wherein hot air at a temperature of 60^-65*^ O is allowed to stream 
over the fruit. American desiccated apples and Bosnian and Servian prunes 
are prepared in this way. A description of the individual systems of kilns for 
this purpose cannot be entered upon here. The dried fruit still contains a con- 
siderable proportion of moisture (some 30 per cent ) and at least the same 
amount of sugar about 30 per cent, in the case of pears, some 40 per cent, in 
apples and damsons, 50 per cent, in figs, and 60 per cent, in raisins. From i to 
3 per cent, of free acid is also present. Only some of the organisms present on 
the fruit are killed by drying, but the development and decomposing action of 
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the rest are checked by the plasmolytio influence of the high sugar-conte 
The putrefactive bacteria also suffer through the action of the free acid prese 
Sundry vegetables, especially those employed for Julienne soup, are presen 
by drying, for which purpose they are cut into small pieces, and exposed 
special ovens to a hot air temperature of 50^-60® 0. l^ot infrequently they 1 
then, in accordance with a proposal made by Masson, subjected to hydrar 
pressure, compressed vegetables being thereby produced. 

Drying is a comparatively inexpensive operation, but cannot be resorted 
in every case, since many kinds of fruit and vegetables have their fine flavc 
too much impaired thereby. Such articles are treated by the Appert proct 
Green peas, cauliflower, asparagus, beans, and suchlike are manipulated 
follows : After being carefully cleaned, they are placed in gloss jars or in ti 
which are then filled with water and set in a salt bath, the temperature of wh 
is maintained at below 100° 0. for one or two hours, and thereafter raised 
boihng point (io8“ 0 ), at which it must be allowed to remain for some time, 
order to definitely destroy all the hardy spores of the hay and potato baci 
The temperature is then ^owed to sink to 60® 0 ., whereupon the small blc 
hole in the otherwise closed tin is sealed up by means of a drop of solder, gl 
jars being closed air-tight by other suitable means. Preserves carefully p 
pared in this manner ore sterile in the strictest sense of the term ; but if perf- 
sterility is, by reason of any oversight, not attained, the still-hving germs si 
sequently increase at a great rate. Their development is mostly attended w 
the evolution of gas, in consequence of which the straight walls of the tin i 
bulged outwards, and frequently even burst. 

A drawback accompanying Apperb's process is that the colour of i 
vegetables so treated is generally destroyed. If the preservation of the cole 
be desired, as is the case, e.g , with red beet, gherkins, and the like, then ot) 
means must be resorted to, and the antiseptic properties of the acids be utilis 
The samples in question are boiled in vinegar, the liquor being then poured 
and replaced by fresh unimpaired vinegar In this way mixed pickles, 
instance, are prepared. In many oases the boiling is omitted, pickled gherki 
for example, being preserved by simple immersion in cold vinegar. 

That no protection against the development of baotem is afforded 
steeping in brine needs no further argument. As a matter of fact, an eas 
observable decomposition occurs in the so-called salted gherkms prepared in t 
way, the phenomenon proving to be lactic fermentation; and it is to the a 
thereby produced, and not to the small proportion of common salt present, tl 
the retardation of decomposition is due. 

The boiling of fruits and fruit-juices is an operation too well known to m 
detailed description here The added sugar employed herein restnets deco 
position by strongly plasmolysing and preventing the development of such ger 
as are not destroyed by the boiling. In many cases, this action is assisl 
by the addition of a certain quantity of whortleberries. A few particul 
respecting the high percentage of the strongly antiseptic benzoic acid present 
the latter have already been given in an earlier chapter (§ 80). The glass j 
destined to contain the finished jam, marmalade, &c., are sulphured previous: 
use. —The preservation of fruit is greatly facihtated by a careful prelimint 
cleaning, a precaution that should, moreover, not be omitted when the fruit is 
be eaten raw, since the usually sticky surface tenaciously retains the dust a 
accompanying germs that are blown on to it. Thus, M. T. Sohnieer ( 
discovered virulent tubercle bacilli on the surface of grapes sold in the Vier 
market. 

A word must be added with regard to the gelatinisation of &uit juice, 
is well known, the cells of miny fruits are rich in pectin, which, when the c< 
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are crashed, passes into the juice and causes it to coagulate. This phenomenon 
was explained by Fr6my, m 1840, to be due to the action of an enzyme, viz., 
pectase, whereby the pectin is converted into pectic acid. This opinion was 
modified by the researches of G. Bbetrand and A. MALiivBB (I ), in so far that 
they showed that the enzyme can accomplish the transformation referred to only 
when in presence of soluble salts of the alkalme earths {e.g, lime), with which 
the pectic acid enters into combination, and forms insoluble pectates. The 
presence of this gelatmising compound is indispensable for the preparation of 
pure fhiit jellies ; and the latter must not be too strongly boiled, or their setting 
properties will be diminished or completely destroyed. In the preparation of fimit 
juices, such as raspberry juice, it is necessary, on the other hand, to get rid of 
these pectin substances, because they detract from the utility of the juice, which 
should remain liquid. This end is attained by leaving the fresh juice to itself 
for a time, fermentation soon ensuing, by which the pectm or pectate is 
decomposed. The juice is then strained and boiled down after the addition of 
sugar, — A few references to the hterature of the subject will be useful to the 
food-stuff chemist, who is not infrequently asked for advice concerning the best 
means of turning fruit to account. Full particulars on the treatment of fruit in 
general, as also of drying and preserving it, will be found in the handbooks of 
Fr. Lucas (L), Karl Bach (I.), and H. TpiM (I,). A brief introduction to the 
preparation and timtment of fruit wines has been arranged by M. Barth ( 1 .), 
and a pamphlet written by W. Tbhsi (I.) deals chiefly with currant wine (as the 
finest of all fruit wines), as well as with gooseberry wine, &c. 

The preservation of wine-must is practised on a large scale, particularly in 
Sicily. To render the juice highly suitable for transport, it is (after a preliminary 
filtration) concentrated in vacuo at 40® 0. to about one-fourth of its onginal 
volume. In this manner a thick, syrupy m.oss is obtained, the composition of 
which can be deduced from the following analytical figured furnished by Th, 
Omeis 
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Albumen, gum, &o 
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This concentrated wine-must, which is shipped in sealed tms, is not in any 
case sterile, though the still living germs (particularly yeasts) present therein 
are, by reason of the high concentration of the hquid, incapable of development. 
If, however, the mass be diluted with sterilised water, then fermentation ensues 
within a short time. According to the experience of J Wortmann (II ), and 
also of the author himself, the employment of this must can be recommended in 
laboratories dealing with Fermentation Physiology. The dilution of i part of 
must with 4 psirts of water yields a nutrient medium exceedingly favourable for 
the cultivation of higher fungi (wine yeasts), the low percentage of nitrogen 
being improved by ^ addition of i per cent of ammonium tartrate. 

The preservation of beer and wine by heating (Pasteurisation) will be dealt 
with in a subsequent section of the second volume. 



SECTION VI. 


LAOTIO FERMENTATION AND ALLIED DECOMPOSITIONS. 

CHAPTER XXI. 

GENERAL OHARAOTERISTICS. 

§ 134.— Discovery of the Lactic Acid Bacteria. 

In chemical text-books acetic acid is generally characterised as being the first acid 
known to man. This assumption cannot, however, be considered as probable, 
since, in order to obtain acetic acid, tha previous preparation of alcoholic liquids is 
necessary, and the human race in its earliest stage of civilisation, viz , nomadic life, 
would hardy have attained that skill — the production of wine and vinegar, even 
in the most primitive fashion, presupposing a settled mode of existence. On the 
other hand, the fiock-owning nomadic races must, at a very early period, have 
noticed that the milk supplied by their animals very quickly underwent altera- 
tion, and turned sour when left to itself. Lactic acid must therefore be regarded 
as the earliest acid known to man, though not in a pure condition, since that 
condition necessitates the employment of methods for removing all the other 
constituents of the milk. This result was first accomplished by the Germano- 
Swede Scheele in 1780. The earhest complete chemical investigation of the 
souring of milk was instituted in 1833 by Pelottze and Gay-Lussao (I.), 
but from tha.t date fully twenty-five years elapsed before the knowledge that 
this process is a manifestation of vital activity on the part of sundry micro- 
organisms assumed definite shape It is true that already m 1701 Andry had 
noticed that sour milk contained such organised microcosms. Nevertheless, this 
observation remained at first as unproductive, as regards the comprehension of 
the question, as did also the labours of sundry other subsequent workers. Among 
these mention may be made of Blondeau, who in 1847 made a microscopic 
examination of milk, and distinguished therein two types of micro-organisms • 
the one (which he named ToruLa) was a yeast-like plant , the other, a mould 
fungus, which he assigned to Fenyyilhum and held to be the cause of lactic 
fermentation. 

We may recall to mind that Pasteur, in his treatise (against spontaneous 
generation) in 1862, pointed to the non-success experienceid by the opponents 
of this theory, especially Schroder and Dusch, when they employed milk for 
their refutmg experiments. Knowing, as we do, that, before Pasteur, no one 
had succeeded in rendering milk absolutely free from germs, it is therefore easy 
to understand that up till then nothing ^o^uite could be urged against the hypo- 
thesis, put forward by chemists, of the purely chemical nature of the process of 
lactic fermentation. Thus, for example, Rowiandson (I ), under the influence 
of the Liebig and Gay-Lussac theories of fermentation, defined the preliminary 
conversion of lactose into lactic acid in the souring of milk as an oxidation pro- 
cess, and expressed the naive opinion that a cow that had been running about 
(and therefore breathing rapidly) before milking would yield a milk iich in 

170 



BACTERIUM IA.CTIS LISTER 

-r 

oxygen, and consequently liable to turn sour with unusual rapidity The 
opinion of FniMY and Bouteon-Ohalaed (I.) (formed in 1841, under the 
influence of Liebig’s theory), that casein was the cause ('* ferment”) of lactic 
fermentation, was revived, though with little success, by A. P. Fokkee (I.) 
in 1889. 

Pasteur (X.) was the first to describe (1857) an organism characteristic of 
lactic fermentation, and to prove the same capable of producing acidification in 
a sweet, sterile milk. This organism, which Pasteur named the ferment, or 
yeast, of lactic fermentation,” was a bacterium. A pure culture of this, in the 
present meaning of the term, was at that time unattmnable, no suitable method 
having then been devised. Pasteur demonstrated the difference existmg between 
this “ferment” and that of alcoholic fermentation, and proved that m nutrient 
•media containing sugar, the former organism always sets up lactic fermentation, 
whilst the other invariably gives rise to alcoholic fermentation. 

This discovery formed an important and welcome support to the theory of 
specific ferments promulgated by Fr Kiitzing in 1837, and implying that 
chemically different fermentations are carried out by physiologically different 
species of organisms. 

§ 136.— Bacterium lactis Lister, and Bacillus aeidi lactici Hueppe. 

The important work issued in 1873 by the Enghsh surgeon and founder of 
the antiseptic treatment of wounds has already been noticed (§ 68). In that 
paragraph the methods of working employed by him at that time were referred 
to as defective and misleading It was also stated that the name, Bacterium 
lactis, employed by him was eiToneous, the bacterial culture to which it was 
applied not being a uniform species, but an indefinite (and very probably highly 
diversified) mixture of different species. 

Lister (II ) himself very soon recognised the weakness of his arguments, and 
sought for a remedy. This he found in the so-called dilution method, by the aid 
6i which, in 1877, he produced from sour milk a pure culture of a fission fungus 
to which he applied the name of Bacteniim lactis as before — this time correctly. 
The twofold origin of this name should therefore always be remembered Lister 
was also the first to make the observation, subsequently confirmed by Oohn, that 
lactic acid bacteria, though of frequent occurrence in the rooms of dairies, are 
comparatively seldom found in the open air. 

The introduction of gelatinised nutrient media into bacteriology also furthered 
the study of lactic fermentation. By means of this new method of pure culti- 
vation Htjbpph (IY.) in 1884 isolated from sour milk a microbe known as 
Bacillus aoidi lactiai, which, m so far as can be gathered from the description 
given, was identical with Lister’s bacterium. Hueppe also mode the more im port-ant 
discovery that several different species of bacteria are capable of setting up lactic 
fermentation. However, before noticing these other organisms, we will examine 
more closely the Bacillus a^cidi lacty>i, which occurs in the form of non-motile 
rods I 0“i.7 /i long and o 3—0.4 broad, mostly in pairs and but rarely united 
to form a four-cell chain; it is aerobic and forms endospores This ferment 
acidifies milk between the temperatures of 10° and 40° 0 , the reaction being 
accompanied by the precipitation of casein, and an evolution of gas On gelatin 
plates the organism forms white colonies which do not liquefy the nutrient 

medium. ^ 

In addition to the five species of lactic acid bacteria discovered by Hueppe — 
and to which Micrococcus proiigiosui belougs — many others possessed of the same 
property have been mide known to us, by Maddox in England (1885), Beyer in 
North America (1886), and Fokkbb {II ) m Holland (1890). R. Keubger (I ) 
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isolated his MicrococGua addi lacUa (which liquefies gelatin) from cheesy butter. 
G. Mabpmaijk (I ) discovered five species belonging to this group in Gottingen 
milk, and named them Bcicterivm lactis a(M%^ BounUus lactw Bademum 

hmhatwtn lactis acfidi^ Micrococcibs lactis acidly and Sphcerococms lactis acvdx. 
G GROTHNrBLT (II ) isolated a lactic-aoid-formmg, anaerobic SlA'&ptococous acidi 
lastid from Finnish milk. In hia communication, issued from Hueppe’s labora- 
tory, there also occurs the remark that Bacillus acidi laciici H, can be perma- 
nentiy deprived of its acidifying power by cultivating it for some time in media 
free from sugar. This attenuation of the cultures is also often noticed in patho- 
genic bactena, many of which lose their virulence — ^,e. poisonous nature, and 
consequent capacity of producmg disease^ — when kept for some time under 
unaccustomed conditions of nutrition, viz., outside the animal body. Bearing 
this in -mind, Grotenfelt speaks of a variable virulence of Bacillus actdi lactvA^ 
meaning thereby the possibility of reducing its fermentative power. 

The fermentative properties of the Baderivm lactis aerogenes^ found by 
Esohbrioh (I ) in the contents of the intestines of sucklings, and also in uncooked 
cow's milk, were investigated by A. Baginskt (II.), who found that in artificial 
media conteming lactose it produces both acetic acid and lactic acid. The gas 
liberated during the reaction consisted of 00 „ 22 per cent.; H, 30 per cent.; 

9 per cent.; N, 39 per cent. R. Wvrtz and R. Lbudbt (I.) considered 
this microbe to be identical with Pasteur's lactic acid bacillus, but their opinion 
does not seem to be well founded According to J. Dbnys and J Martin (I.), 
B. lactis aerogenes is only a variety of the PrmmiohaciUus (§ 33) discovered by 
Friedlander 

Respecting the Pediococcus acidi lactim discovered by P. Lindner (I.) a few 
particulars will be given in chapter xxv. ; and details concerning the part played 
by the lactic acid bacteria in certain industrial fermentation processes, such as 
distilling, dairying and cheese-making, tanning, &c., will be found in chapters 
xxiii, to xxvii. 

§ 136.— The Equation of Lactic Fermentation 

is (when l^tose or grape-sugar is presupposed as the raw material) generally 
expressed in chemical text-books as follows : 


OiaH2aOi2 + HgO — 4C3H0O3 
LnctosG Lactlo Aold 

^6^12^0 “ 203Hg03,' 

Actually the process is not so simple as here represented, a certain quantity 
of the sugar employed being consumed by the organisms to enable them to dis- 
charge their viW functions and bring about the fermentation in question. Con- 
sequently the actual yield of lactic acid obtained is less than the theoretical 
quantity calculated from the foregoing equations Another proof of the complex 
nature of the operation is afforded by the large quantity of gas liberated during 
the fermentation, but which is not indicated in the reaction expressed by the 
equations aforesaid. 

According to the researches of R Warrington (I,), the amount of acid pro- 
duced vanes greatly 111 different species, and is so small with some that (as noted 
by Conn) it is insufficient to curdle the milk. This difference is explicable by 
the varying susceptibility of the individual species to the adverse influence of 
the resulting acid. On this account alone, fermentation may come to a stand- 
still notwithstanding the presence of sufficient unconsumed nutrient material . 
The difficulty is easily met by opportunely neutralising the acid by an addition of 
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the carbonate of calcium, magnesium, or zmc. In the latter case, the hi| 
characteristic lustrous acicular crystals of zinc lactate ([O.HjOjJ^n + 3 aq.) 
obtained. 

A few quantitative experiments made by Adolf Mayer (II ) show that roc 
parts of fermented lactose produce — 

83.9 parts of lactic acid 
3.7 „ „ acetic acid 

12 4 „ „ unknown substances. 

These results, however, were not obtamed with pure cultures of lactic acid 
bacteria, and therefore are not fully conclusive. 

Pure cultures of lactic ferments were jGb7st employed by E. EIayser (I.) hi 
1894, in an investigation of fifteen dififerent species of lactic acid bacteria isolated 
from French milk, Belgian beer, Danish cream, wine-must, rye infusion, sauer- 
kraut, &o. Confirming the results of Mayer and Baginsky, he showed that 
volatile acids, also, are produced in the course of lactic fermentation, their 
amount depending on the composition of the nutrient medium as well as on the 
species of ferment. Thus, for example, a greater quantity of volatile acids was 
produced from a milk qualified with peptone than from a peptonised maltose 
solution, Cultimes grown at the bottom of the nutrient liquid (“ lactic bottom 
fermentation ”) yielded less than surface cultures. This fact had been already 
recoided in 1889 by Oppenbleimbr (I.), who found the ratio of acetic acid 
to lactic acid produced from milk fermented by Bactenvm lactis aerogenea to be 
as 85 : 15 ; and in the case of Bacterium coh commune as 70 : 30, This ratio is, 
however, not invariable, but is chiefly determined by the amount of oxygen 
present. Hence, in the absence of air, only small quantities of the volatile acids 
are found, lactic acid being almost the only acid present. 

Attempts were made by G-. Kajbehel (I, and II.) and H. Timpb (I.) to 
investigate the part played by casein and the phosphates in the lactic fermenta- 
tion of milk. The optimum fermentation temperature is between 30® and 35° 0 ., . 
and the operation proceeds much more actively when air is excluded, il^yser 
was unable to detect any lactic enzyme excreted by the bacteria and capable of 
convertiQg lactose into lactic acid. 

In view of these results, it is hardly necessary to say that the establishment 
of a satisfactory equation to represent the reactions occurnng in lactic fermenta- 
tion is highly improbable. 
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Titii PKODtJOTION OF OPTICALLY AOTIVB OHQANIC COMPOUND^ 
BY FERMENTATION. 

§ 137.— l^mePS of Lactic Add. 

The details given in the preceding chapter •with regard to the physiological 
activity of the lactic ferments require supplementing in one important particular. 
Mention has been made of lactic acid, and always without qualification or 
reference to the fact that there are several isomeric lactic acids. This question 
can now be considered from a higher standpoint, and the occasion utilised for 
dealing with the production of optically active substances in general, through the 
activity of micro-organisms. 

Stereo-chemistry teaches that all optically active organic substances contain 
in the molecule at least one asymmetric carbon atom, one whose four atom- 
fixing powers or affinities are connected with four different elements, or groups of 
atoms (radicals). On the other hand, experience shows that there are compounds 
(such as racemic acid and mesotartaino ^md) which contain one or more asym- 
metrio carbon atoms, but are nevertheless optically inactive. The structural 
formula of mesotartaric acid is OOOH — OHOH — OHOH — OOOH. This same 
formula, however, is also adopted for two other acids, named from their optical 
properties respectively dexVrO’im''l€mc aaid and levo-tarta/nc ac%d. To explain this 
fact it is necessary to refer to the hypothesis promulgated in 1874 by Yan’t 
Hoff (I,), that the four eqmvalents of a carbon atom are arranged at the angles 
of a tetrahedron, m the centre of which the carbon atom itself is situated, whereas 
the atoms or radicals combined therewith occupy the angles. For example, let 
Gabcd be a compound contammg one asymmetric carbon atom (7, with which are 
combined the four (different) atoms or radicals a, J, c, d. By employing the 
tetrahedron scheme, the arrangement of these latter can be effected in two 
different ways : 

a a 

c 

d d 

These two formulae are not identical, but stand in the mutual relation of an 
image and its reflection. In order to get from h over c to d, it is necessary 
(lookmg from d) m the one instance to move m the same direction as the hands 
of a clock ; but m the other case the movement is reversed. 

The compound Cabcd is thus obtained m two modifications which have the 
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same structural formula, and behave similarly from a chemical po^t of view, l?ut 
differ in a physical sense (crystalline habit, solubility, behaviour towards polarised 
light) Such compounds, whose different behaviour can only be explained by the 
assumption of a difference of grouping in the molecule, are designated BtereO'* 
isomers. Of the compound Odbcd there may exist one modification capable of 
deviating polarised light towards the right hand, and a second producing a left- 
handed rotation ; and one part by weight of the dextro-rotatory modiffcation 
gives nse to just as great a deviation towards the right hand as one part by 
weight of the levo-modification does towards the left h^d. 

If now a compound containing such an asymmetric carbon atom be artificially 
prepared from substances devoid of asymmetric atoms, the probability is that 
•just as many levo-robatory as dextro-rotatory molecules will be produced ; and 
assuming that each molecule of the one kind coalesces with a molecule of the 
other class to form a double molecule, then an optically inactive compound will 
result. There may therefore be presumably obtained from one combination, 
Cahcd, containing a single asymmetric carbon atom, three different modifications, 
two of which (one dextro-, the other levo-rotatory) are optically active and the 
third inactive. An example of such a compound is afforded by ethyhdene lactic 

CH3 

= in OH 
HO OOOH ioOH 


OH, H 

V 

/\ 


of which one optically inactive form is known, and in chemical text-books 
IS generally named fermentation lactic acid. The dextro-rotatory modification 
has also long been known to chemists under the name of sarco-lactic or para- 
lactic acid, whilst the third modification, levo-lactic acid, was only discovered 
and produced a few years ago by fermentation physiologists. This will be again 
referred to later on. 


§ 138.— -The Isomeric Tartaric Aeids- 

Of the compounds containing two asymmetric carbon atoms in the molecule 
we will refer to only that group in which these two atoms are connected by a 
single bond, as is represented in the subjoined typical formula — 


\ / 

C— S 

/ \ 

0 7 


As regards the positional arrangement of the two groups of substitutes 
(a, 6, c, or a, y) in the molecule, four possibilities are conceivable (1) both 
grouped in the dextro- position; (2) both in the levo- position; (3) the one 
dextro- and the other levo- ; (4) or, finally, mce-versd. 


Assuming the group 



to possess a (numerically) greater optical 


rotatory power (B or L) than 


/ 

0— fl. which 
\ 

7 


may be expressed m letters* 


thus — 


B > d L > I, 
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Then the rotatory power of the entire moloQule will have the following values — 

D + d, L + it, D — d, or L — 

according to which of the four possible compounds is present. 

The optical effect of the one semi-molecule will therefore be strengthened 
by that of the other semi-molecule in the first two instances, or weakened 
thereby in the other two cases. Consequently there result /ow stereoisomerio 
active modifications : the first strongly dextro-rotatory ; the second strongly 
levo-rotatory ; the third faintly dextro-rotatory ; and the fourth faintly levo- 
rotatory. Furthermore, one molecule apiece of the two strongly rotatory 
(D+d and L + Z), as also one apiece of the two faintly rotatory (D-d and L - Z) 
modifications, can coalesce to form inactive double molecules — 




The total number of all conceivable stereoisomeric modifications of the com- 

N /“ 

pound &— 0 — 0 — ifl therefore m:. 

0 y 

Particular interest attaches to the special instance wherein the tuo semi- 
molecules are equal, and which therefore comprises the compounds expressed by 

“x /“ 

the formula 5—0 — C— 6 . Tartaric acid, 

o/ \ 




COOH 

1 

ooofl^ 

H— 0 

OOOH 

— d— H 

UHOH 

1 

/ 

^OH 

(JKOH 

ioOH 


is the type of this group. 

In this case we have D^^cZ and L = Z. The four above-named general 
expressions for the rotatory power of the individual active forms are, m this 
special case, resolved into 

2J) 2Jj 0 0 


The modifications 2D and 2L correspond to the deztio- and levo-tartaric acids ; 
and, in place of the two faintly rotatory modifications, we have a single optically 
inactive form, which, in the tartaric acid group, is named meso-tartaric acid. 

This last-named acid is inactive as a result of intramolecular compensation, 
and is therefore distmct from the modification produced by the coalescence of 

the two optically active forms which double molecule is also optically 

inactive, and in the tartaric acid group is named racemic acid. 

The existence of two fundamentally different groups of optically inactive 
compounds containing asymmetric carbon atoms is thus theoretically possible, 
viz. : 

I. Monomolecolar, indivisible, optically inactive m consequence of 
intramolecular compensation of their opticaUy active atom groups. Type : 
D-cZ=:oorL-Z = o. Example : meso-tartaric acid. 
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2. Bimolecular, optically inactive, appearing only as double molecule 
one of which belongs to the dextro- and the other to thelevo- modidcatio 
of the compound ^ Type: 2D-2L = 0. The inactive double molecu] 
can be split up into two optically active components, 2D and 2I 
Example : racemic acid (Fr, acide rachmque, Ger, Traubensdure), 

The first of these two modifications, viz,, the monomolecular, indivisible kinc 
is termed the anti- combination , the second, or bimolecular modification, bein 
known as the para- form, or (from the best-known example) racemic modiflcatioi 
On the other hand^ it is found, both theoretically and m practice, that bodie 
containing but a single asymmetric carbon atom can appear in only one inactiv 
form, namely, the divisible, bimolecular para- form. 


§ 189. — The Division of the Kacemic Compounds. 

The correctness of the assumption that the racemic modifications 0 
stereoisomeric bodies are actually double compounds, consisting of an equa 
number of dextro-rotatory and levo-rotatory molecules, can be demonstrates 
in two ways. The first is by synthesis. If, for example, equal quantitie 
of equally strong (nearly saturated) solutions of dextro- and levo-tartari 
acid be mixed together, combination of the two, attended with the evolutioi 
of heat, occurs, and the mixtuxe solidifies in consequence of the crystallisa 
tion of a racemic acid which can be proved to be identical with natural racemic 
acid. Again, if equal quantities of dextro-lactate and levo-lactate of zmc b< 
dissolved in water and mixed, the optically inactive zinc salt of “ fermentatioi 
lactic acid” — possessing all the properties of this substance — will crystallisi 
out This synthetic construction of the inactive double molecule from the twc 
optically active components is, however, of merely theoretical interest, but ii 
without any prEictioal value, no new and hitherto unknown compounds bein^ 
thereby obtained. 

As a rule, it is the inactive para- form with which we have to deal, anc 
this has to be split up into its constituent molecules of the dextro- anc 
levo- modifications This division can be effected in several ways. In some 
cases the inactive substance decomposes spontaneously on crystalhsing oul 
from solution, and the components — which differ in their crystallme habit- 
can be separated by hand (selecting thtf crystals according to their structure) 
The earliest example of this was given by Pasteue (XI ). If a solution oi 
sodium-ammonium racemate (O^H^(NHJNaOg + 4 aq.) be flowed to evaporate 
slowly, hemihedral crystals are obtained. Pasteur found that the hemihedra 
surfaces did not occupy the same position in aU the crystals, but that the 
one class of crystals formed, as ib were, the reflected image of the other, one 
being dextro-hemihedral but levo-rotatory, and the other levo-hemihedra] 
but dextro-rotatory. On separating the two kmds, and preparing the acid 
from each, he obtamed dextro-tartanc acid in the one case and levo-tartari( 
acid in the other, but in no instance was the inactive racemic acid produced 

The most usual method of division consists in allowmg the mactive sub 
stance to unite with an optically active one. If the substance to be split uj 
IS an acid, then an active alkaloid (e.g. morphme, quinine, strychnme, <fec.) 11 
used , if a base, it is combmed with dextro-tartaric acid. Experience teach ei 
that the resulting compounds have very different degrees of solubility, 01 
which account the two optically active modifications can be separated withoui 
much difficulty. Thus, it was shown by T. Puedib and J. W. Walker (I.) u 
1892, that by combining the optically inactive “fermentation lactic acid ” witl 
I M 
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strychroiie, it can be decomposed into its two optical components, viz., dextro- 
rotatory saroolactio acid and levo-rotatory lactic acid. 

However, the moat important method of separation is that in which the 
activity of micro-organisms is called into play. This method, also, was proposed 
by Pasteur in i860. He sowed certain lower fungi — the precise species cannot 
now be aacertamed — ^in a solution of optically inactive ammonium racemate, and 
found that the levo-rotatory properties of the liquid gradually increased ; and 
that after a certain lapse of time ammonium levo-tartrate alone was detect- 
able. It must therefore be concluded that certain feiments are endowed 
with selective powers. In the present instance, the organism has separated 
the racemic acid into its two optically active components, one of which (the 
D-tartanc acid) it consumes, whilst the other (the L-acid) is liberated Since 
Pasteur s time this separating power has been utilised m various ways, two 
examples of which are now given. In the first place, J. Lbwkowitsoh (I.) in 
1882 dissociated the optically inactive mandehc acid, OgH^ — OH OH — OOOH, 
into its two active components in this manner. On the other hand, P. 
Franklaud and W Fbew (III.) allowed their Bcicdhia eihcMeticus to react on the 
calcium salt of the optically inactive glyceric acid, OH3OH — OH.OH — OOOH, 
whereby its dextro-rotatory component was obtained, the levo- component being 
consumed. 

§ 140.— The Production of the Stereoisomeric Lactic Acids 

by fermentation merits closer attention. In the first place, it should be men- 
tioned that only the three isomers of ethyhd&iie lactic acid^ OH3 — OH.OH — OOOH, 
are in question, since ethylene lactuc aavd^ OH, OH — OH, — OOOH, has hitherto 
been obtained by purely chemical means alone The sub- title, fermentation 
lactic acid, so long borne solely by the inactive form of ethylidene lactic acid, 
is now recognised as also appertaining to both its stereoisomers, so that the term 
is now synonymous with ethyhdene lactic acid generally Of the two active 
forms, the so-called paralactic acid was the first to he prepared by the fer- 
mentation method, the discovery being due to M. von Henoki and H. SrBBBa (I ) 
in 1889. These observers found that certain tumours in an animal affected 
with symptomatic anthrax oontamed (in addition to the characteristic bacillus 
ot this disease) an anaerobic fission fungus, which produces large quantities of 
paralactic acid (i e. dextro-lactic acid) in saccharine media, and is on that account 
named Micrococcus aoidn, paralactici. On the other hand, the aforesaid patho- 
genic bacillus, under the same conditions, produces inactive lactic acid. 

Levo-Iactio acid was first prepared in the year 1890 by Fa. Sohabdingeb 
(II.), by means of the fermentative activity of a short-rod species found in a 
Hungarian well-water, and to which the name of JBaoillibs acidi Icevolactioi has 
been given. In size thia organism greatly resembles Hueppe’s Bacilh^ aoidi 
lactioi. It ferments dextrose, saccharose, lactose, and glycerin, the resulting 
products being levo-lactio acid, a httle ethyl alcohol, a quantity of carbon 
dioxide, and an unspecified combustible gas The zinc salt of inactive lactic acid 
is obtamed by crystalhsation from a warmed solution of the zinc salts of this 
levo-lactic acid and of paralactic acid. 

So far as is known at present, the Schizomycetes species forming levo-lactic 
acid are of less frequent occurrence in nature than those producing either 
inactive or dextro-lactic acid K. GCtnther and H. Thiebpeldee (I ) examined 
a large number of samples of sour milk, in none of which could they find levo- 
lactic acid Neither did they succeed in isolating from the milk any fission 
fungus capable of forming this acid, but always obtained either inactive or 
dextro-lactic acid, or a mixture of both* This, however, does not imply that 
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Schxzomycetes producing levo- lactic acid are rare. On the contrary, a considerable 
number of species (mostly pathogenic) endowed with this property are already 
known. Investigations on this point were first made by J. Kuprianow (I.) and 
repeated by B. Gosio (I ), and it was shown that the amount of tins acid 
produced per unit of quantity of the fermented sugar varies according to the 
species employed 

Vibrio cholercB asiaticce (in addition to other vibrios) was found to produce 
levo-lactic acid, whilst Spvnllwm iyrogmmn (Deneke) produced dextro-lactio 
acid. On the other hand, G. Lbiohmann (I ), in 1896, showed that when 
ordinary milk is kept at 44^-50° 0. — ^instead of the lower temperatures 
employed by Gunther and Thieifelder — levo-lactio acid is invariably produced. 
The (long-rod) fission fungus concerned in this reaction was named by Leich- 
MANN (II.) Bacillus lactis acid%fi name (as we have seen in § 135) already in use 
for another species of Schixomycetea as long ago as 1886 

The kind of lactic acid produced under given circumstances by a certain 
bacterium afibrds, in many instances, a valuable means for difierentiatmg allied 
species. For example, in the case of Bamllus typlii ahdominalia and Bacterium 
coll comjivwm^ the latter— as shown by Blachstein (I.) — ^produces dextro-lactic 
acid from glucose, whilst the former, under identical conditions, gives rise to 
levo-lactic acid. 

Nevertheless, the faculty of a given species of bacterium for producing a 
definite kmd of lactic acid must not be regarded as unconditional. On the 
contiary, a good deal depends on the conditions of nutrition. The necessity for 
the maintenance of identical conditions during experiments of this kmd has 
already been emphasised, and it should be also mentioned that the results are 
influenced not only by the kmd of carbohydrate (sugar) subjected to fermentation, 
but also by the constitution of the nitrogenous nutrient material. For this 
discovery we are indebted to A. Pini (I ), who showed that when ammoma salts 
alone (unaccompanied by peptone) are at the disposal of the microbe, both 
B. typhi cd>domin(di 8 and Bactei'ivm coli commune produce levo-rotatory lactic 
acid from glucose. 

The separation of optically active compounds by means of Eumyceies will be 
frequently referred to in the second volume, so we will only mention a treatise 
by M VON Nbnoki (II ), which describes a valuable method for manipulating 
fermenting liquids and determining their content of optically active lactic acid. 
The characteristics of the salts of this acid have been described by T Purdib and 
J, WalIiAcb Walker (II.) According to F. Hoppe-Seyler and Fr. Araki 
(I ), the lithium salts are the most suitable compounds to employ in experiments 
for determming the rotatory power of the various lactic acids. 
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THE AETIEICIAL SOUBINa OE CJaEAM. 


§ 141.— The Acid Generator. 


The preferences exhibited by the various families of the human race for different 
kinds of butter are very marked. China and Japan, for instance — to which 
countries Denmark ships large quantities of this food-stuff — prefer sweet-cream 
butter, i.e. that prepared from fresh, sweet cream , whereas, in Scandinavian 
countries, Denmark itself, North Germany, and England, a preference for sour- 
cream butter prevails. 

In order to obtain the latter product,* the cream is allowed to turn sour 
and undergo a fermentation, principally of a lactic character. Until within the 
last few years the general practice was simply to leave the cream to become sour 
spontaneously ; hence, in view of the fluctuation to which the bacterial flora of 
milk and cream is exposed, it is not surprising that such a method of procedure 
frequently resulted m the production of defective butter. 

A reliable means of combatmg this adverse tendency is, however, now avail- 
able, namely, the process — introduced into the dairy industry in 1890 by H. 
Wbigmanw (III -Y.) — of artiflcially souriiig cream by the aid of pure cultures 
of selected races of lactic acid bacteria. This process is divided into two 
manipulations : the preparation of the acid generator and the preliminary 
treatment of the cream to be soured 


The acid generator (or starter) brings the cream quickly into a state of 
fermentation. According to Weigmann’s recipe, it is prepared as follows: 
Separated or skunmed milk — ^in the proportion of 2—3 per cent, of the cream to 
be acidified — is warmed up to about 60° 0 and then immediately re-cooled as 
quickly and as much as possible. This treatment kills some of the bacteria in 
the milk and wakens others to such an extent that they cannot offer more than 
a feeble opposition to the development of the lactic acid bacteria, which are then 
added to the treated skim-inilk^F^.^itus purpose a pure buii/uxi^Or iaocib rer 
ment, obtained from » Station, is employed. The vessel k 

kept for twpr -t-i^y-Tour hours at a medium temperature {15° 0.), by which time 
its converted into acid generator ready for use. 

cream, also, reqmres a preliminary treatment to prepare the way for the 
actioiiva of the acid generator. Sterilisation, or at least Pasteurisation, would 
afford’ best results, but as these are generally difficult to effect in a reliable 
manned ® method of weakening the “wild” bacteria present, by cooling the 

cre«'m ® temperature and iffien quickly warmmg it up ag^ to 

i6°-2ci^ 0 ., hM to be resort^ to. The acid generator is then added and well 

inoor^^™-“® 07 starring, and the cream vat is left, at about i i;®-3o° 0 ., until 

the “e-y* by which time the cream will he ripe for chur^g. 

Ifre It be d^ired to cultivate the acid generator further, a smSl portion is 
**** ^ employed in the same way as a pure 


““y practical men, the possibility of 
produeni^-gpod butter from Pasteurised, or even sterUised cream, has been 

i8o 
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demonstrated by the researches reported by P ^ohuppan (I ) ; and Bmrso 
Martiny (II.) has drawn attention to the hygienic advantages attending such a 
method of working. Finally, it was proved by Popp and Beoker (I.) in 1893 
that butter prepared from sterilised cream keeps better than that from Pas- 
teurised cream, and far better than that from cream which has not been heated 
at all. 

§ 142.— The Aroma of Butter. 

The results of Weigmann^s researches up to the present (according to a 
private communication) indicate that probably only a smgle species — though 
appearing as numerous varieties — of bacterium sets up the lactic fermentation 
now in question. This organism is a coccits (described by W. Storoh (T.) ), 
measuring about r /i in diameter, and uniting to form chains. The varieties 
(also called races) of this coccus, which, from the point of view of the systematic 
botanist, do not differ sufficiently to be classified aj3 separate species, generaUy 
exhibit one or other of the following good qualities they either give rise to a 
powerful aroma, which imparts a very fine flavour to the butter, or else the 
product, without exhibiting any marked excellence of flavour, is endowed with 
good keeping qualities. Consequently such races or varieties should be used in 
the manufacture of butters for export. Whether there are races in which both 
these advantages are combined cannot yet be definitely asserted. The aroma 
produced by the bacteria cannot have originated in the volatile acids of the 
butter, since it is also developed in cultures free from fat, and containing no 
nitrogenous nutriment other than peptone. Comparative experiments on the 
flavour of l?utters prepared by the aid of different varieties of lactic acid bactena 
were made by Abametz and Wilckens (I.) m 1892. — Owmg to a noteworthy 
discovery effected by H. W. Conn (I.) m 1895, the question has latterly taken a 
new turn. He succeeded in isolatmg from a sample of South American milk 
a fission fungus named Bacilli^s No, 41, which is not one of the acid bacteria, 
but produces in milk and cream a ^e aroma, identical with the highly-prized 
flavour known in North America as “ grass flavour" or “June flavour," because 
it is produced only in the month of June, at a time when the cows are foddered 
on tender grass rich with blossom and perfume. Cream inoculated with this 
bacillus yielded b\itter endowed with this fine giassy aroma. By means of this 
process butter can now be produced with a uniform degree of excellence and 
marketable value. The mode of working with this bacillus is simple. A culture 
of the organism in milk is procured, the usual volume being about ^ litre (nearly 
half a pmt), and is poured into about 6 htres (i 32 gaU.) of Pasteurised and re- 
cooled cream. After a lapse of a couple of days the whole is transferred to the 
bulk of the (fresh) cream, which is left for twenty-four hours and will then be 
npe for churning. About 6 htres of this npe cream are reserved for inoculating 
the next batch in the same manner as before. It will be noticed that the bulk 
of the cream is not heated, and consequently the lactic acid bacteria therein will 
be still living and capable of sounng the cream, whilst the Bacillus No, 41 acts 
concurrently and develops the aroma. The latter organism, however, retains 
the upper hand, having been initially present in excess. This flavour-developer 
has now been tested and proved in more than a hundred North American dairies, 
so that its employment can be recommended. Naturally, fresh cultures must be 
introduced into the dairy at intervals (two to three months), since otherwise the 
bacterium gradually loses its powers. 

The discoverer of the organism attributes to it the additional faculty of 
remedying defective butters, but on this point the data at hand are msufficiently 
conclusive. It should be mentioned that the microbe appears in the form of 
non-motile short rods, 0.7 broad and i.i ft long, generally united m pairs, but 
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never as chains The optimum temperature is 23^ 0 Its acid-producing powers 
are so shght that the milk is never coagulated. The aroma developed in the milk 
is initially dehcate, but becomes progressively stronger, and finally (after a lapse 
of several weeks) resembles that of fine cheese. As a result of further researches 
published in 1896, Conn (II ) was led to conclude that acidification and the 
production of aroma are independent phenomena He considers that aroma is 
developed by the activity of peptonismg bacteria which separate volatile bodies (of 
agreeable or offensive smell and taste) from the -albuminoid constituents of the 
cream. 

§ 14f8.— Defects in Butter, 

The advantages offered by this artificial method of souring cream are only 
appreciated at their true value when its apphcation cures certain defects in butter, 
to which we will now refer, and which were formerly attributed exclusively to 
bad fodder. In this case also bacteriologists have been able to confute erroneous 
opinions and render valuable assistance to practice. 

There is probably not a single dairy m North Germany or Denmark whose 
butter has not at some time or other been “ oily,’* i e. exhibited a flavour 
recalling that of mineral oil. This malady appears with particular frequency in 
dairies deficient m appliances for keeping the souring cream and finished butter 
suflaciently cool. Weigmann showed that both the acid generator (prepared by 
spontaneous acidification) and the butter-milk of such dairies are very impure, 
in a bacteriological sense, and he was invariably successful in remedying the 
complaint by the mtroduction of artificial souring 

A second and not leas injurious defect is the so-called turnip flavour. Butter 
suffering from this complaint has a repulsive sweet taste, recalling that of 
turmps. To throw the responsibility on the latter is an obvious, but not always 
justi^ble, procedure, smce cases are known where neither the cows nor any of 
the daily appliances had come into contact with turnips, notwithstanding which 
the flavour still made its appearance in the butter. 0 . 0 . Jensen (I ) discovered, 
in 1891, ID the milk of several Jutland dairies where this complaint had long 
been rife, a microbe which he named Bacillus fcstid/us lactw^ and which was 
recognised as the cause of the malady. This motile bacillus has a breadth of 
0.4-0 6 fi, its length varymg usually between o 9 and 1.5 /*, and often attaining 
5.5 /*. No spore-formation has been detected, and the organism does not liquefy 
nutrient gelatin. As its second name implies, this bacillus gives nse to stinking 
decomposition in milk, but is not the only species producing the same complaint, 
Jensen himself having grouped along with it a number of others possessing the 
same power, among them being several species of micrococcus (not more 
defimtely named), a Merismopedium, &c. The employment of pure cultures of 
lactic acid bacteria gave satisfactory results, producing a pure and fine-flavoured 
butter in place of the previously almost un^eable article. 

A third evil which is probably (though not yet indubitably) attributable to 
bacteria, is the so-called fiihy or tram-oil flavour in butter. Other defects, such 
as greasy, tallowy, cheesy butter, have their ongm in the inferior chemical com- 
.poation of the cream ; whilst for the third group of complaints, e,g stable smell 
and smoky smell, the undeanliness of the milker is responsible 

How firmly the injurious bactena settle themselves m the rooms of the 
infested dairies is evident from the observations made by Ronneberg, according 
to whom the beneficial results accruing from the employment of pure cultures 
of acid bacteria m mfested dairies are only temporary, and disappear if fresh 
supphes of the invigorating pure culture are not introduced in good time. 

The advantages of this new method are so numerous that its employment 
should not be delayed until the maladies m question appear , in fact, the method 
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is designed as a protective rather tlian a remedial measure- The expense of 
applying the method is small, the supply of pure culture needs, under normal 
conditions, to be renewed only about once a fortnight, and the outlay at the same 
time ensures protection from unwelcome surprises. Even when the contmuous 
employment of the method is not decided upon, it should at least be practised 
at such times as a change from dry to green fodder, or mce versd, is in^e, this 
change often becoming very unpleasantly manifest, not only in the cream-pan, 
but also in the cheese-room, as will be explained in olyipter xxxi. 

The method is most extensively used in Denmark. Erom a report by Fans, 
Ltjnde, and Stoboh (I ), it appears that whilst m 1891 only 4 per cent, of the 
samples of butter exhibited at the butter shows (held annually in various parts 
of the kingdom) had been prepared by the aid of pure cultures of acid generator, 
the number had increased in 1894 to 84 per cent This fact affords the best 
recommendation of the method. 



CHAPTER XXIV. 

THE COAGULATION (OUBDLING) OF MILK. 


§ 144.— Acid Curdling* and Rennet Curdling*. 

The amount of Jiitrogenous constituents in cow’s milk fluctuates between 2.5 
per cent, and 4.2 per cent, by weight, and is on the average 3 5 per cent The 
chemical composition of these nitrogenous matters has not yet been satisfactorily 
deternuned, and can only be touched upon here so far as is requisite and useful 
for bacteriological purposes More precise information, accompanied by copious 
bibliographic^ references, will be found in W. Flbisghmann’s (I.) work on 
dairying. 

In refutation of the opimon expressed by Duolatjx (YII ), that only a smgle 
albummoid body is present in normal cow’s milkj the Swedish chemist Olaf 
Hammaraten showed, in 1875, that at least three such compounds can be 
distinguished therein, viz., casein, laotalbumen, and globulin. The first forms 
about 80 per cent, of the total quantity, and the remainder is principally 
lactalbumen (free from phosphorus), globulin being present m but very small 
quantities , both of these latter are soluble iu water. The casein (cont ainin g 
phosphorus) is acid in character, and consequently is not present in a free state 
in the milk, but occurs as a salt of lime containing i 55 parts of OaO per 100 
parts of casein. This compound of lime and casein is not dissolved m the milk, 
but is held in suspension as a swollen, colloid, finely divided mass. When the 
milk IS acidified the casern is liberated, and — ^bemg insoluble and incapable of 
swelling — is precipitated in fine flakes ; in other words, the milk curdles. The 
acid may be either artificially added or generated by fermentation in the milk 
itself ; in either case the ensuing precipitate is known as acid curd (Ger Quark). 

lytilk can also be curdled by another means, namely, by lab or rennet, an 
enzyme secreted by special glands m the stomach of many animals. This rennet 
is very plentiful in the stomach of the calf, from which it is prepared by drymg 
in the air and leaving to stand for a few months, then commmuting the mass 
and extractmg with a weak (5 per cent.) solution of common salt. 

On adding a small portion of such a solution of rennet to sweet, unboiled, 
lukewarm, milk, the latter gradually curdles, the coagulum thus formed bemg, 
however, not casein itself, but a derivative of that substance Hammarsten 
found that the casein is m this case split up into two portions difiermg greatly 
in amount, viz., lacto-protein, small in quantity, soluble, and remaining m the 
whey, and the insoluble paracasem. The latter, therefore, forms the chief 
constituent of the coagulum separated (“ set ”) in cheese-making by the aid of 
rennet, and known as rennet curd (Ger. JSriLch), or crude cheese. 

Oasein, or paracasein, though the sole nitrogenous constituent of the coagu- 
lum produced in any of these methods, is, however, by no means its sole 
component, a number of other substances being precipitated and earned down 
at the same time. If whole milk — Le. unsl^med milk — is set for cheese, 
almost the whole of the fat will be found in the curd, which will then subse- 
quently produce rich cheese — skim-cheese being the result in the converse case. 
Along with the fat, the calcium phosphate contained (m suspension) m the milk 
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Will also be thrown down only in the cajge of rennet curd, not in the cure 
produced by acidification. 

Not only are fat and (in this instance) calcium phosphate carried down bj 
the coagulum, but also a large part of the organisms present in the milk will be 
found in the fresh curd, so that the latter is relatively as nch in organisms ae 
the milk from which it was precipitated. Here, again, a considerable difference, 
from a biological point of view, exists between the two classes of curd, and 
exercises a decisive infl uence on their subsequent career. The flora of the 
rennet curd from sweet (t.e. almost neutral) milk is much more diversified than 
that of acid curd. The latter, having been thrown down from a sour milk m 
a state of vigorous lactic fermentation, consequently contams only a limited 
number of species, and these endowed with a particular fermentative power. 

Acid curd differs, therefore, from rennet, both in the method of production 
and also in composition. Bemg devoid of flavour, both kmds are, however, un- 
suitable for food , their conversion mto a form in which they both stimulate the 
appetite and are ^so themselves more readily digestible, is the task of the 
cheese-maker’s art, fuller particulars of which, from the bacteriological point of 
view, will be found m chapter xxxi 

§ 145.— Chapaeteristics and Activity of Lab. 

If the enzyme m question were exclusively a metabohe product of the animal 
body, the foregoing details would suJfice. However, since it is excreted by many 
fungi as well, a few additional particulars wall not be out of place m a work 
dealing with techmeal mycology. 

When and in what manner the attention of mankind was first drawn to this 
enzyme cannot be determined, smee even the oldest authorities, e,g, the Bible, 
speak of its employment as an ancient practice. Its method of action, however, 
was unknown even down to the commencement of the nineteenth century 
The prevalent opimon, based on the curdling of sour milk, was that the 
precipitation effected by rennet was mdirect, an acid being first formed, which 
then caused the precipitation of the curd. The elucidation of the true state of 
the case was reserved for Berzelius (I.) m 1840, and hia discovery was soon 
afterwards supplemented by the labours ot Br. Sblmi (I.), 0 . G. Lehmann (I ), 
BQbintz (I ), and Yoblokbu (I.), who showed that the action of rennet is quite 
independent of the formation of acid. 

The identity of this enzyme with the pepsin discovered by Sohwann {§ 18) 
was disproved by 0. BLammarsten (I ) in 1872- This observer was the first to 
successfully separate these two gastric secretions, an operation which Desohamps 
(I.) had failed to effect thirty-two years earlier Hammarsten, however, did not 
make use of the name chymosm, proposed by his predecessor, but adopted the 
ancient appellation, lab We are also indebted to the Swedish chemist for deep 
researches into the activity of this substance. It acts on casein alone, not on 
lactose or lactalbumen. 

A divergence of opinion still prevails as to the nature and course of this 
reaction, and we will therefore merely refer to the mvestigations made on these 
pomts by the under-named workers : A. Danilewsky and P Radenhausen (I ), 
W. Euqling (I.), F. SoHAPFBE (II.), E Duolaux (YIII ), M. Ahthus and 
0 . PAoiis (I.), A S. Lea and W. S Dickinson (I.), S. Rinqeb (I ), P. Walther 
(I.), and A. Pick (I.). Sohreinee (I.), m 1877, showed that miJk when boiled 
is no longer coagulable by rennet, but the reason for this behaviour was not 
ascertained until eleven years later, when Fr. SOldner (I.) found that the lab 
reaction can only proceed in the presence of soluble salts of bme, which 
latter are precipitated by boiling. For the same reason coagulation does not 
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occur in milk that has been rendered alkaline; and the most favourable 
condition is one of very slight acidity. The constitution of this enzyme is 
still unknown Its decomposing power is unusually high, one part by weight 
being (according to Soldner) sufficient to throw down at least one hundred, 
million parts of casein. As A. Mater (III.) has shown, the optimum tem- 
perature for the reaction is 37° 0., the coagulation taking three times as 
long at 25° 0 . Above 45° 0 . the enzyme is paralysed, and is destroyed at 
70° 0 . Coagulation does not ensue immediately upon the addition of the lab, 
but only after a lapse of from several minutes to some hours, according to 
the temperature. 

The occurrence of this enzyme in nature is by no means rare It was 
found by Koberts in the stomach of birds, and m that of fishes by Benger, 
and is aJso present in the cell-sap of various plants, of butter wort {Pin- 
guimla vulgcuns and P, alpvna)^ withania {Pvmcer^a coagulam), fig-tree (Ficus 
ca/nca)^ artichoke (Cynara SQohmus)^ and others. It is also excreted by several 
species of SchuaomyGetes^ particulars of which will be given in the following para- 
graph. For mdustrial purposes, however, there is only a single source (the 
richest) worthy of consideration, viz., the stomach of the calf The method of 
production mdicated above is now practised on a manufacturing scale, especially 
in Copenhagen, whence most of the German and Dutch cheese factories derive 
their supphes The products are Bennet solution, containing horacic acid 
to improve the keeping quality; reimet powder; and, finally, rennet tabloids. 
The eflicacy and germ-content of these preparations were investigated by Fritz 
Baumann (L). 

§ 146.— Lab-Producing* Bacteria. 

Milk may also curdle without previous acidification or addition of rennet. 
Haubnbr (I.) m 1852 was the first to record this fact, and the first explanatory 
research was made by Duolaux (IX.) in 1882. From his studies m this matter 
the latter concluded that this precipitation of casein (occurring with an alkaline 
reaction) is due to the activity of certain bacteria which excrete an enzyme 
leaembling lab; and Oonn (III ), in 1892, succeeded m isolating this enzyme 
from cultures of such Schizomycetes. At first sight the identity of this lab with 
the active ingredient in the rennet solution from the stomach of the calf appears 
probable, but the discovery that the bacteria m question (which include many of 
the species belonging to the potato bacillus group, § iii) are able to coagulate 
boiled sterilised milk, goes against this view, rennet being incapable of producing 
this reaction. 

The presence or absence of this power affords, in many instances, a valuable 
means ot differentiation between two species of bacteria. This is particularly 
the case ^ ith the organism producing abdominal typhus in man, viz., Bamllus 
typhi ahdominalis, discovered by Eberth in 1880, and already referred to in 
preceding chapters This microbe is not endowed with the faculty m question, 
whereas, as Jak. Urt (I ) has shown, a number of the putrefactive bactenR 
collectively termed Bact&i'ium coh conmiime, and greatly resembling the typhus 
bacillus in form, &c., rapidly produce coagulation in milk. According to the 
researches of 0 . Gorini (I, and 11 .)^ Mici'ococcus prodigwsus also produces this 
enzyme in large quantities. 


§ 147.— Casease. 

Not infrequently the precipitation of casein effected by such bacteria 
disappears again after a short time. Duclaux ascertained that this new 
alteration is due to a second (albumen-dissolving) enzyme, to which he gave the 
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name of casease. The same observer also discovered, in the case of several 
species of Tyroihrtoa isolated from Oantal cheese, and of which a description will 
be found in chapter xxxi , certain bacteria gifted with the faculty of excreting 
both enzymes, the casein precipitant and the casein solvent. R. Warinqton 
(II ) as well examined a number of such species, and observed that they all 
liquefy nutrient gelatin. 

The ratio between these two enzymes dhOfers m the various species. A few 
produce the casein solvent alone, and when sown in milk do not precipitate the 
casein, but decompose it direct into soluble fission products, among which leucm 
and tyrosin have already been identified. In proportion as the casein disappears 
the milk becomes clearer, and is finally quite transparent. 

The production and activity of both these enzymes are variously dependent 
on external influences, the one resembhng lab being able to act only within 
narrow limits of temperature, whilst the other — the proteolytic enzyme — I as a 
wider sphere of activity. The same apphes to the methods of nutrition of the 
bacteria in question. A species examined on this point by Oonn initially pro- 
duced both enzymes, but subsequently — after prolonged cultivation on gelatin — 
yielded the proteolytic one only ; and by increased mterference the production 
of the latter also can be restricted. Wood (I.) attained this object by adding, 
during several successive generations, a little carbolic acid to the nutrient 
bouillon employed. 

The constitution of casease has not yet been accurately determined, neither 
has any one succeeded in ascertaining whether, and in what respect, this enz} me 
differs from pepsin and trypsin — which it greatly resembles in action — nor 
whether the casein-dissolving enzyme produced by different species of bactena 
IS the same in all cases. Wbigmann (VI.) states that he has isolated casease from 
bacterial cultures, and that this substance favours and accelerates ripemng when 
added to fresh cheese. 

The spontaneous coagulation of milk without tne co-operation of micro- 
organisms, the possibility of which was mamtamed by early woikers, denied by 
Lister, and finally established as a fact by Meissner, was more closely examined 
in 1887 by A. Levy (I), who found that a very faint coagulation can be 
detected in all milk that has been left to stand for some time. The sediment 
deposited by such milk contains, however, only a small quantity of coagulated 
casein, the bulk consisting of small fragments of decomposed colostrum As the 
cells of this latter substance die off a slight degree of acidification ensues, which 
causes the precipitation of a certain quantity of casern. 

The I'apid curdling of milk so frequently observed during thunder-storms has 
not yet been satisfactorily explained. The opinion expressed by J. Liebig (I.) 
in 1890 will not bear mvestigation, and the assumption put forward, on 
experimental grounds, by G. Tolomei (I.), that it is caused by the action of 
ozone pioduced by electrical discharges, rests on insuificient foundation. The 
some objection also applies to the views held by H. Gerstmann ( 1 ) on this 
’ point. 



CHAPTER XXV. 


LAOTIO ACID BACTEBIA IN DISTILLING, BREWING, 

AND VINIFICATION. 

§ 148. — The Spontaneous Acidification of Distillery Yeast-Mash. 

The preparation of the pitching yeast for distillery work is not such an easy 
matter as in the sister industry of brewing. In the regular course of the latter 
no special labour is required for the production of the necessary quantity of 
yeast, since in this case the yeast settles down, as soon as the fermentation is at 
an end, to the bottom of the tun, and can then — after the immature beer is racked 
off — be used at once for pitehing ” (i.e. inducing fermentation in) a fresh 
quantity of wort. The case is different in distillery work, where the liquid to 
be fermented, instead of being thin and self-clarifying like wort, is a thick mash, * 
in which the yeast cannot settle down. For^this reason the distiller is obliged 
to prepare his pitching yeast in another way. He grows it artificially in special 
vats, and, on this account, terms it ‘‘artificial yeast.” For this purpose a sweet 
mash is prepared in a small tun, the quantity amounting to about lo per cent, 
of the principal mash to be fermentecL A more detailed description of the pre- 
paration of this yeast-mash belongs to the domain of Chemical Technology, and 
we will here content ourselves with briefly mentioning that crushed green malt 
is n^ed with water and gradually warmed to 67"-7o° 0., then mixed with a 
variable) amount of sweet “ goods ” from the principal Tna-fib tun, ^nd the mix- 
ture left to saccharify for two hours at 70° 0 Before this medium is pitched 
with the yeast to be reproduced, it must, however, be subjected to another 
preliminary treatment known as “ souring.” 

The green malt is infested with a copious flora of various kinds of bacteria, 
chief among which are the species of the hardy organisms causing butyric fer- 
mentation. These spores are not killed by the aforesaid mashing temperature — 
which, moreover, for reasons connected with the preservation of the diastase, 
must not be exceeded— and therefore they afterwards germinate and increase, 
and produce but3^c acid. Now this acid, being a powerful yeast poison, would 
injure the development of the pitching yeast; but since the injurious bacteria 
are themselves very sensitive to nigh degrees of acidity, their development may 
be hindered by quickly making the fresh mash decidedly acid. To attain this 
end the lactic acid bacteria are called in aid. 

The question now arises, How can the latter be cultivated without allowiug 
the butyric ferments to gain the upper hand ? This can be secured by main- 
taining the optimum temperature, which for the lactic acid ferments now under 
consideration is between 47° and 52° 0 , whereas the butyric ferments thrive 
best at about 40® 0 . The sweet yeast-mash is therefore kept at about 50*^ 0 . ; 
conroquently the lactic acid bacteria develop with vigour, and the increase in 
their activity can be determined by titration. 

When the operation progresses satisfactorily, the aad-content rises with 
increasing rapidity and attains 2. 2-2.5 degrees of acidity; t.e. 20 c.o. of the 
filtered sour mash require 2.2 to 2 5 of normal silkali for complete neutralisa- 
tion, a quantity corresponding to i.o-i.i per cent, of lactic acid. When this 
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point is reached, the mash is heated to 70° 0. in order to kill the lactic acid 
bacteria, and is immediately re-cooled to i7°-20® O. and pitched with yeast. 
For the first yeast-mash of a new season a sufficient quantity (i kilo, per hecto- 
litre of mash, i.e, at the rate of i lb. per 10 gallons) of a pure culture of a 
selected race of distillery yeast is employed. Such yeast can be obtained from 
the Berlin Experimental Distillery Station (Yersuchsstation fur Brennerei). At 
the expiration of some fourteen to sixteen hours the development of the yeast 
has so far progressed that the contents of the vat can be applied to their destined 
purpose, a portion (about one-tenth) being, however, reserved, under the name 
of mother-yeast, for pitching the soured yeast-mash on the following day. The 
remaining nine-tenths of the prepared yeast are then transferred to the principal 
mash, whereby the latter not only receives the requisite amount of active yeast, 
but IS also rendered acid, and is thereby better enabled to resist bacterial infec- 
tion. This explains the whole dictum of the distiller, The more add in the 
yeast, the less in the fermenting tun,” because the greater the acidity of the 
mature yeast-mash, the lower the possibility of injurious ^id-produdng) germs 
developmg in the principal mash during fermentation. The reason for this is 
that lacbic acid reduces the vital activity of the microbes (butyric acid and acetic 
acid bacteria) now under consideration. The increase of acidity in the mash is 
employed as a measure of the progress of the fermentation. When the yeast is 
first added, the sweet mash exhibits an acidity of o.5®-o.7®, corresponding to 
o. 2-0.3 cent, of lactic acid, and this increases durmg fermentation by 0.2° 
when the management is first-class, 0.3° when good, and by as much as o 4® and 
more when the process is not properly carried out. 

§ 149.— Aptiflcial Souring* by the Aid of Pure Cultures of 
Lactic Acid Bacteria. 

The credit of recognising thd utility of souring the mash is due to practical 
distillers themselves, their experience on this point having been gained by repeated 
experiments. It is only in recent years, however, that a closer insight into the 
characteristics and actual value of this preliminary treatment of the yeast-mash 
has been obtained. Until lately the generally accepted opinion was that 
expressed by Sohultb im Hofb (I.), viz., that lactic acid is necessary, or at any 
rate favourable, to the conversion of the (insoluble and undiffusible) albumi- 
noids of the wort into peptones assimilable by yeast. Delbruok’s researches on 
this point failed, however, to reveal the presence of any appreciable quantity of 
peptones in the soured yeast-mash, and it is now ceitain that the favourable 
result is solely due to die relative toxic action of lactic acid. This acid acts 
much more quickly and powerfully on the development of the bacteria than on 
yeast, the latter being able to stand a fairly large amount of the acid without 
appreciable injury. 

The reader may well inquire from wbat source these lactic acid bacteria 
' which cause the souring of the yeast-mash ore derived. Until recently the 
answer was far from satisfactory, since it indicated that the matter was left to 
chance. The initial temperature of 70® 0 . in the yeast-mash kills the lactic 
acid bacteria already present therein, but not the spores of the butyric fer- 
ment ; the subsequent development of the latter is, however, prevented by the 
restrictive temperature of 50® 0 . maintained durmg the souring process The 
active lactic acid bacteria must, therefore, make their way mto the mash from 
outside flourcea, e,g, the air, the vessels, and utensils, &c., so that the inoculation 
of the mash is left entirely to chance. Consequently it is not surprising to learn 
that the operation frequently miscarries, failures being, under such circum- 
stances, inevitable. 
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We are indebted to Morawsky for ^be first improvement on this point. 
Instead of waiting for the yeast-mash to become infected spontaneously by lactic 
acid bacteria, as in the ordinary course, he proposed to set aside about one-tenth 
of the soured mash before applying heat, and to add this mother-acid to the next 
day’s mash os soon as the latter has been saccharified and cooled down to 50° 0. 
This modification, although constituting a valuable improvement on the older 
method when once operations are in full swing, nevertheless does not positively 
guarantee good souring ; and its deficiencies are most apparent at a time when 
help is most essential, viz., at the commencement of a new season. During the 
first few days after work is resumed, it often becomes apparent from the odour 
permeating the yeast-room that the souring is not progressing satisfactorily, but 
that the mash is rich in butyric acid. Thm is due to the fact that the lactic acid 
bacteria in the distillery have more or less completely perished during the 
summer while the works were shut down. 

To completely overcome the difiiculty, nothing must be left to chance, and 
the souring must be properly regulated by inoculating the sterilised and cooled 
yeast-mash with a sufficiency of a pure culture of lactic acid bacteria. Such a 
method was first introduced by the author at the Hohenheim Distillery, where it 
was tried with great success. The further treatment of this artificially inoculated 
mash differs in no wise from the procedure already described, i,e. when the sour- 
ing is completed the mother-acid is removed, the bulk of the mash is heated up 
to 70° 0 ., then cooled, and pitched with the prepared mother-yeast Next day 
a portion is taken to serve as mother-yeast for a succeeding mash, and the 
remainder is added to the principal mash. If, through any mischance (unskil- 
fulness or carelessness on the part of the distiller), the sounng of a given mash 
proves defective, then no mother-acid is reserved from it, but a pure culture is 
used for pitching the yeast-masb on the following day. 

Although the species of bacterium now in question shares with the milk-souiing 
bacteria the property of decomposing sugar and formmg lactic acid, it nevertheless 
differs from them in more than one respect. For example, the various species of 
.the lactic acid bacteria in milk, so far as they have been examined, are incapable 
of developing in mashes and worts under the conditions prescribed above. Mor- 
phological differences are also apparent at the first glance, the cells of the 
distiUery-bacillus being long, almost invariably more than 2.5 /a, and very 
frequently attaining ten times this length, whilst the breadth remams uniformly 
about I /A. This microbe was isolated by the author in 1896 from a satisfactory 
yeast-mash prepared by the old souring method in the lietzen Distillery (in the 
Mark Brandenburg), and received the name of BacUhia addijiocms longissimus. 

On account of its powerful fermentative activity, this bacillus can also be 
utilised to advantage in the preparation of lactic acid for technical purposes The 
dyeing and cloth -printing industries in particular require continually increasing 
quantities of this acid, the preparation of which by purely chemical means is at 
present a rather costly process, and can be more cheaply effected by means of 
lactic acid bacteiia. For this purpose a sterilised unhopped beer wort, rich m 
maltose and qualified with a sufficient addition of calcium carbonate, is inoculated 
with a pure culture of the bacillus and maintained at 50° 0 . When the fermen- 
tat\o6. is ended the liquid is concentrated, and the lactic acid separated by 
decomposing the calcium lactate formed G, Jaoqtjemin (I.) proposed a similar 
method, but gave no precise mformation concerning the nature of the ferment, 
and it is therefore uncertain whether the organism is allied to, or identical with, 
the above-mentioned bacillus. The method described by E. Delaoboix (I ) 
utilises, by a similar course of treatment, the sweet whey formed as a waste 
product in dairies. 
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§ 150.— Eflfpont’s Hydrofluoric Acid Method. 

It is found impracticable to protect the fermentation of distillery mash from 
injurious by-fermentations by sterilising the mash before addmg the pitching 
yeast, since such treatment would also kill the diastase, the continuance of whose 
saccharifying ^tion during the fermentation cannot be dispensed with. More- 
over, such stenhaing would not be of much value, since it is practically impossible 
to protect such large quantities of fermentable material from subsequent infec- 
tion by extraneous germs during the fermentation. The only course, therefore, 
is to devise some means of restricting the development of the invading organisms. 
The souring of the yeast-mash is, els already explained, a method of this kmd 
This method, however, was not based upon a recognition of the true nature of 
the evil to be overcome, but is rather the result of multifarious experiments, 
which finally demonstrated that a strongly acidified yeast-mash affords a 
guarantee for the satisfactory progress of fermentation in the mash proper, and 
protection from injurious bye-fermentations. Consequently, as soon as the 
anti-bantenal action of lactic acid was recognised as the actual agency at work in 
this process, investigation into the suitability of other bacterium poisons for the 
purpose in question followed as a matter of course. Thus in t886, IT. Gayon 
and G. Dupbtit (I ) ascertained that an addition of o.i gram of basic nitrate of 
bismuth per htre of mash was able to keep the fermentation free from contamina- 
tion, Many other investigators have occupied themselves with the same subject, 
from which it is evident that the task is by no means an easy one. As a matter 
of fact, the antiseptic sought must, to be suitable, unite in itself several properties. 
For one thing, if must be able to restrict the development of the Schizomycetes 
without injuring the yeast present at the same time. Furthermore, it must 
not impart any evil odour or flavour to the alcohol produced, and must, therefore, 
be non-volatile and remain behind in the distillation residue (grams) without 
being — in its actual condition of dilution — dangerous to the animals subse- 
quently fed thereon. Finally, the employment of the bacterium poison should 
not entail any great expense. It is, however, difficult to find a substance capable 
of fulfilhng the whole of these conditions The metallic poisons, such as the 
aforesaid bismuth salt, must be at once dismissed from consideration. The acid 
sulphite of lime (calcium bi-sulphite), which has been frequently recommended, 
IS rendered unsatisfactory owing to the partial reduction of its sulphurous acid, 
by the fermentative organisms, to sulphuretted hydrogen, which spoils the odour 
of the alcohol. An addition of artificially prepared lactic acid to the mash is 
too expensive, and its substitution by mineral acids is, with a single exception, 
impracticable, owing to their injunous action on the yeast. Up to the present 
only a smgle reagent has proved useful, viz., hydrofluoric acid, which was intro- 
duced into distillery practice by J. Efpront (II.)* 

This so-called hydrofluoric process — i,e the use of this acid, either in a free 
state or m the form of salts, especially as ammonium fluoride — has already passed 
through two stages of development and given rise to a number of investigations 
and treatises, which will be found epitomised in an essay by H Obateldteau 
and A. Lbbrasshur (I.) Eppront (I ) commenced his publications on j;he 
subject m 1890 His initial proposition was to add between 4 and 8 grams of 
HF per hectolitre (22 galls.) to the mash (treated in the usual manner) before 
pitching with the yeast, this quantity being sufficient to prevent the development 
of injurious bacteria. 

Hydrofluoric acid surpasses all other mineral acids in its anti-bacterial powers, 
since, according to Eflront, 25 mgrms. of this acid per 100 0 c of wort will 
prevent the appearance of lactic or butyric fermentation, whereas 200 mgrms* 
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of hydrochloric acid or 300 mgrms of sulphuric acid are necessary to produce 
the same results. The butyric acid bacteria, bemg more susceptible to the 
influence of acids, can be repressed by as httle as 10 mgrms. of HF per 100 c.c. 

This original hydrofluoric acid process entailed no alteration in the customary 
method of preparing the yeast, and in particular the souring of the mash 
remained unchanged. Effipont, however, endeavoured to render this preliminary 
treatment superfluous by modifying his method into the so-called now hydro- 
fluoric process by adding a sufficient quantity of hydrofluoric amd or fluorides to 
the sweet mash instead of leaving it to sour spontaneously. 

Here naturally follows the question of the action of hydrofluoric acid on the 
vital activity of yeast It has been proved that the susceptibility of the various 
races of yeast to the mfluence of this acid differs, a circumstance which explains 
the ii’regular (sometimes good, sometimes bad) results yielded by the old process. 
In distilleries using very susceptible yeast the prescribed addition of HP to the 
mash might not only be without any good result, but probably even give rise to 
unfavourable symptoms, such as sluggish or imperfect fermentation. 

The discovery that cell-reproduction on the one hand and fermentative 
activity on the other are affected in different degree is an important one. 
According te Efpront (III ), the former is completely arrested by the adihtion 
of 300 mgrms. of NH^F per 100 c.c , whereas the fermentative energy is merely 
reduced, not stopped, by this quantity. The same authority has also showed 
(lY.) that yeast can be gradually accustomed to large additions of fluorine. In 
this manner a given yeast can be brought to withstand an addition of 300 
mgrms. of HF per 100 c c. without losing its reproductive power. Doses below 
this limit — up to about 200 mgrms, per 100 c.c. — retard reproduction, but 
stimulate the decomposing energy of the orgamsm, and therefore lead to a larger 
production of alcohol. The yeast becomes so much accustomed to this stimulant 
that it is subsequently rendered incapable of unfolding its energies except when 
pitched in a mash also containing fluorine, the yield of alcohol being otherwise 
far below the normal standard. 

In practice the new hydrofluoric process is, in the main, carried out as 
follows • For the preparation of the yeast-mash 4 parts iper cent, (by volume) 
are taken from the prmcipal mash (previously saccharified and cooled down to 
30° O ), and a sufficient amount of hydrofluoric acid (or fluoride) added, this 
being followed by i volume of mother-yeast to each 4 volumes of mash l^en. 
Of course, at the commencement of the season a sufficiency of pure culture 
yeast must be used instead. The amount of added acid is regulated by the kind 
of yeast in use, i.e. by its susceptibility, but 10 grams (say i oz ) of HF per 
hectolitre (22 galls ) of yeast-mash will generally suffice After the addition of 
the mother-yeast the mash, which was pitched at 26° 0., quickly warms up to 
about 31® 0 ., at which temperature it is maintained. In this procedure the 
older process described in the preceding psuagraph is somewhat modified : the 
heating of the saccharified yeast-mash up to 70° 0., which was there found 
advan^eous, being, in the present mstance, abandoned (since the injurious 
organisms are suppressed by the HF), as is also the separate addition of malt to 
the mash. In addition to the properties already mentioned, hydrofluoric acid 
is also credited with exercising a favourable influence on the diastatic action, in 
that in presence of this acid a much smaller amount of the said enzyme suffices 
toihydrohse a given amount of starch in a given time. The ratio of maltose and 
dextrin is also modified m favour of the former, as much as 96 parts of maltose 
being sometimes obtained per 100 parts of starch, whereas in presence of HOI (or 
HjSO^) the highest percentage of maltose amounts to 75 (or 76) per cent., and in 
the absence of mineral acids to 74 per cent. When tbe yeast-mash is matured 
(in about twenty hours time), one-fifth is set aside to serve as mother-yeast for 
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the succeeding maah. The residual four-fifths are incorporated with the fresh, 
saccharified principal mash, previously mixed with enough hydrofluoric acid (or 
ammonium fluonde) to make the (percentage) content thereof equal to one-half 
that of the yeast-mash This proportion has been found to be sufficient ; and 
smce high patent royalties have to be paid — ^to the “ Sooi^t^ G6n6rale de Maltose 
k Bruxelles,” of which M. Efiront is director — for the use of hydrofluoric acid for 
this purpose, the distiller will naturally avoid employing more than is absolutely 
necessary. 

Although hydrofluoric acid undoubtedly affords a reliable means for com- 
bating bacteria, and can be used with advantage to keep yeast free from these 
objeoSonahle organisms, the case is different when the purification of a yeast 
from contaminating wild yeasts is in question. ErFjftONT (V.) prescribed a 
method which he fiiought could effect this latter purpose, but the same was 
shown by A. JOegensen and J Oh. Holm to be unreliable. Some further 
particulars on this point will be given in a suitable place in the second volume. 
At present we will merely state that the hydrofluoric acid process in nowise 
supersedes the employment of pure culture yeast ; on the contrary, the value of 
such yeast has here been revealed in a new light. 

§ 151 .— The Lactie Acidifleation (‘‘Ziekendwerden ’") of Wine. 

The souring of wine and beer is by no means a uniform phenomenon, but 
may, on the contrary, appear in many forma. The most frequent is the vinegar 
taint, ^.e. a partial conversion of the alcohol into acetic acid by acetic acid 
bacteria. Fuller particulars of this evil will be given in chapter xxxvu. The 
subject of the present paragraph is the lactic acid taint, t.e. the production of 
acidity by lactic acid bacteria, and which is generally known in Germany as 
Ztckendioerden.'* This is a not infrequent malady, and usually makes its 
appearance in company with other injurious changes. Even Pasteur classed it 
along with the so-called turning or breaking of wine, and the expression “ Vin 
tourn6 ” is still applied in France to both phenomena, other terms being Vin 
mont6” and “Vin qui a la pousse.” The course and characteristics of the 
malady are as follows It mostly attacks young vintages, occasionally appearing 
even m the first year. The wine turns turbid, and the odour and flavour 
gradually* become irritating, hke rancid butter The turbidity increases by 
degrees to such an extent that the wine has the appearance of diluted milk, this 
white break passing over finally, in many instances, into the stage of black 
break, the wine then being in the condition of a brown to inky black liquid. 
Ooncurrently with this change of colour occung a gradually increasing precipi- 
tation of dark slimy masses — a phenomenon characteristic of this malady. The 
presence of lactic acid in “Vine tourn^s’* was detected by A. Ballard (I.) 
in 1861. J. Bbrsoh (I ) examined four samples of broken (“zickender ’') wine 
for their acid<content, and obtained the subjoined results . 


— 

No I 

No II 

No III 

No IV 

Free acid, cal. as taitoric acid 
Carbonic acid 

Acetic acid . 

Lactic acid 

Por Mil. 

571 

0 09 

0 67 

237 

Poi Mil 

3 35 

005 

1. 00 

086 

Por 

r '59 

005 

137 

I 73 

Per MU 

8 25 

0 19 

088 

0 98 


The production of the two last-named acids was ascribed by Pasteur (XII.) 
in 1866 to the action of fission fungi. Experience shows that vintages poor in 
I N 
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acid, e,g, 1893 wines, are particularly liable to the malady. MtrLi 
(I ) found such wines .were always infected with a bacillus i 2-2 
0.3 /i broad, capable of forming lactic acid, not merely from suge 
also from tannic acid and another (unidentified) constituent of v 
inoculated in must, this bacillus sets up lactic fermentation. 

Musts that from any accidental cause have been deprived of th 
^eat part of their acid-content are therefore very susceptible to 
infection. Thus, Maoh and Portelb (II ) report on a considerabl 
of lactic acidity in South Tyrol, where, in the autumn of 1882 a. 
vineyards m the lowlands of Etsch were flooded, and the grapej 
crusted with the carbonates of lime and magnesia Consequently a 
portion of the acid in the must became neutralised in the process 
the immediate result being complamts of the appearance of lactic 
the other hand, those grapes that had been freed from the me 
carbonates, by treatment with dilute sulphuric acid before crushing 
malady 

Here, ^ also in most other maladies of wme, the true cause of 
be sought in the defective constitution of the hquid. If the presenc 
producing germs were the sole essential factor, there would be bar 
good wine at all, because all grapes — and therefore all fresh must— 
with a variety of species of fission fungi, both harmless and mji 
researches of Mullbr-Thurgau (II -TV ), Mach and Portele, and 
and Hietsoh (I), conclusively proved this in many instances, a. 
withstanding the (often considerable) infection thus produced, the 
normal conditions resists its foes so effectually that the matured 
sound wine is free from bacteria This fact, demonstrated by Sc 
Preudenreioh (II.), is so decisive that it was regarded by both tl 
as an^ mdication of purity, smee the made wmes exammed by thei 
exhibited a larger or smaller content of bacteria In future invee 
the subject of the diseases of wine, more attention will have to be p 
hitherto been the case to the natural susceptibihty of the wme 
Ho known remedy exists for the lactic taint in wine, but Pasteunsa 
recommended as a preventive measure. 

§ 152.— The “ Turning ” of Beer. 

Although the term “ turning,” as applied to wme, is not yet clei 
still, in the case of beer, only a single malady is understood by thi 
viz.j the undesirable appearance of lactic fermentation. Pasteur 
several observations on bi^re tourn4e,” and traced the cause to ce 
fungi, which he described as long rods i /x broad and of variable 
quently jomed together in chams, Por a closer investigation of i 
mdebted to H. VAif Laer (I.), who m 1892 obtained pure oulti 
ferment, and named it Scuxharohcunlhia •paMorxot.rms. 

The commencement of this malady m beer is evidenced by a grad 
m the brightness of the (previously clear) liquid, which finally be 
turbid, and gradnally assumes an unpleasant smell and taste. If th 
shaken, delicate waves of a fine thiead'like character appear m 
resembling m appearance the fine films produced at the plane of cont 
two liquids of unequal densities This appearance is so remark, 
suffices of itself to characterise the malady. After a time there sep 
deposit, which Pasteur reproduced m Plate II. of his above-ment 
and which consists — apart from the yeast-cells, which may be disreg 
nitrogenous precipitate thrown down by the lactic acid, and of sini 
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chains of p<iBftor%anu 8 The latter are the cause of the aforesaid 

optical phenomenon exhibited when the liquid is shaken. Meat-broth gelatin 
IS unsuitable for the pure cultivation of this fission fungus, and it develops but 
imperfectly in wort gelatin, so that slightly aleoholised malt extract agar-agar, 
in which the organism thrives, has to be employed. The re-moculations made 
by Yan Laer into sound beer decisively proved the agency of S(i(xharoh(xexllu 8 
pastonanus in the .production of “turning in that beverage. It is, however, 
incapable of developing or becoming injurious except when the percentage 
content of hop extract (i e. the hop resins inimical to bacteria) in the medium 
18 small This influence of the hop resins was, however, not further investigated 
by Yan Laer. 

As its generic name implies, SaccharohaciUuB pastonanus ferments sugars, 
.and especi^y saccharose, maltose, and dextrose, which it acts upon readily, but, 
on the other hand, ferments lactose with difficulty. Saccharose is apparently 
transformed without inversion, since the presence of mvertin could not be 
detected m the cultures In media containing one of these sugars the bacillus 
chiefly produces inactive lactic acid, in addition to ethyl-alcohol and a small 
quantity of volatile acids (acetic and formic acids), the proportions varying with 
the kind of sugar and the conditions of cultivation. Given a sufficiency of 
sugar, the degree of acidity produced is then solely dependent on the composition 
of the remainder of the medium , in unhopped wort it amounts to as much as 
I 26 grams (calculated to lactic acid) per 100 c,c , whilst in hopped wort it does 
not exceed 0.27 gram The development of the bacillus is not restricted by 
alcohol unless more than 7 per cent of this substance is present m the beer It 
thrives better m the warm, and consequently the malady is of frequent occur- 
rence in summer in countries where the cellar accommodation is defective. 
This explains the Flemish name “ Zomerbier,’^ applied to turned beer in general. 
The organism cannot survive continuous exposure to 55°-6o° 0 . for a short 
time; consequently beer intended for export to tropical countries may be 
protected against risk of “ turning ” by Pasteurisation, 

§ 153.— White Beer, Lambic, Ginger-Beer. 

A low percentage of lactic acid is met with even in the best beers. It is 
derived partly from the malt itself, which contains on an average o 05 per cent, 
of this acid, but is chiefly produced during the mashing process, the amount then 
developed being nevertheless small — ranging in normal beers between o 05 and 
0.2 per cent. The nature and amount of the acids produced during the malting 
of barley, the kilning and mashing of the molt, and the boiling of the beer-wort, 
have been investigated by E. Price (I.). In addition to the rod-shaped species 
already described, lactic ferments in the form of globular cells developing into 
sheet colonies appear m the malt-mash. An acid-producing species of this class 
was exammed by P. Lindnbe (I ), who named it Pediococcus acidi lactia. Its 
diameter is 0,6-1. o /i, and the optimum temperature is about 40° 0., but the 
organism is killed in two minutes by a temperature of 62° 0., and it does not 
thrive either in hopped wort or beer. — The spontaneous lactic fermentation 
appearing under certain circumstances in malt-mashes has been investigated, 
from a chemical point of view, by M. HAtduok (II.). The variety of the fission 
fungi developing in these mashes is very considerable, the first in point of size 
being the Sarcina Tnaximay described by P. Lindnbb (II.), the individual ceUs of 
the packet-colonies of this organism measuring 3-4 p in diameter. Attempts 
to obtain pure cultures of this, the largest species of sarcina, have hitherto proved 
unsuccessful 

In many instances the appearance of a vigorous lactic fermentation in beer- 
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worfc ifl regarded with favoiii and its development encouraged This applies t< 
the so-called “ Weissbier ” (white beer) No careful bacteriological investigafcioi 
of the acidification process, which plays such an important part in the prepara 
tion of this refreshing beverage, has yet been made. Possibly Saccharohacilhu 
pasiorianua is concerned therein , at present, however nothing definite can b< 
stated on this point 

A considerable amount of acidity is produced in the Belgian beers known af 
Lambic, Faro, and Mars, beverages prepared by spontaneous fermentation with- 
out any addition of yea^. The boiled and re-cooled wort is placed in barrels 
which are only partly filled, the empty mtemal space communicating with the 
external air by a small aperture Sufficient yeast-cells to set up fermentation 
are left adhering to the walls of the casks from the previous fermentation, so 
that after a lapse of twenty-four hours an evolution of gas is already noticeable. 
In addition to alcoholic fermentaton, lactic, and subsequently also acetic, fermen- 
tation sets in. L. v. d HtjIiLB and H van Labr (I ) published in 1891 the results 
of a chemical mvestigation of this matter. The more important of these are 
tabulated below 


Age of the Lamblo 

Alcohol per Cent 
by Weight 

Lactic Add 
per Cent 

Acctio Add 
per Cent 

10 months 

484 


0 044 

12 months 

4 07 


0 121 

36 months 

SS 9 


0 098 

47 months 

524 


0336 


The beverage is consumed after a storage period of three to five years, and, m 
its matured condition, is known as gueuse lambic The acidity then amounts 

to about I per cent., and is 
masked by an addition of 
sugar immediately before 
drinking. 

A spontaneous lactic fer- 
mentation also occurs in the 
case of gmger-beer (to which 
reference has already been 
made in § 64). The prepara- 
tion of this foaming acid 
beverage, which is largely 
consumed in England in the 
summer-time, is a very simple 
matter. To a 10-20 per cent, 
solution of sugar are added 
a few pieces of gmger and 
a couple of granules of the ginger-beer plant the whole being then left 
to stand uncovered. The liquid soon begins to ferment briskly, is bottled 
at the end of twenty-four hours, and consumed withm the next two days. 
The so-called ginger-beer yeast was more closely examined by E[. M. 
Wabj> (II ), It consists of whitish translucent masses about the size of a hazel- 
nut, and IS a mixture (Fig. 52) of a yeast, Saccharom/yces jyyTiformiB^ and a fission 
fungus. The cell-walls of the latter organism are gelatimsed in a manner with 
which we shall become acquainted later on, more particularly in the case of cer- 
tain filamentous bacteria . the greatly swollen outer layers of the cell-membrane 



B'ig 52 — Section throngli Ginger-beer Plant 


TLe cells of Sacobaromyces pyriformis are snrromided by tbe 
cells of Bacterium vermtforme, the membranes of which are 
very much thickened and swollen Magn 680 i^After H 
M Ward) 
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beco min g detached, but only so tar to constitute an independent outer case or 
sheath enveloping the cells This jacket either surrounds the cell along its 



Fia 53 — Bactoiliiin vormllormo 

a-h The gi-adnal ovolutlou of tlio cells ami chains Into the wonn form 

^“^‘^oP^^^^ito^J^BhoiLtliiucronalngontho onosldo. tlio eoll-mombinno 
thlokons In certain dlroctloue only, and not equally all round. Mu^fu 680 

x-z Dissolution of such unllatondly thickened coll-membronoB into blanched 

tonne, the cells beings visible at tho oxtremitJes of th- bianchea Culture Jn 
ginpr-buer nutrient gelatin , x, obsorvod at lo A M , y, the some at 4 p ji , and 
*,^a^lo A M. tbe following day T .0 parts Indleatod by at. xx, xtx, correspond. 
42a CAfier jrard ) 


entire length or else only along one side thereof, and is in some cases absent 
a together. The breadth of the cell itself measures about 05/2, and the length 
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varies between o 5 and 50 /x. The thickness of the sheath is often ten timec 
greater than the diameter of the cell. When examined under the microscope, 
this thick envelope with its comparatively thin enclosure resembles a worm, and 
it IS on this account that the name Bcxterxum verrmforme has been given to the 
fungus.' 

The bacterium is shown in Fig. 53 It stands in symbiotic relation with the 
Sa/xihwromyc 68 pyriformiB^ so that the development of the one is facilitated by 
the presence and vital activity of the other. Ward also succeededjin artificially 
constructmg the ginger-beer plant from its two components. The chief products 
of this fermentation are carbonic acid and lactic acid, in addition to traces of 
alcohol and acetic acid. The lumps of the plant are kept in a state of saltatory 
motion by means of the carbonic acid gas, and increase considerably in size dunng 
the fermentation. They are able to withstand desiccation^ and shrink up on 
drying to form a horny mass, in which condition they are stored for future use. 
The ongin of the ginger-beer plant is unknown. 
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CHAPTER XXVI. 

THE LAOTIO AOID BACTERIA IN THE PREPARATION 
OP FODDER. 

§ 154.— Brown Hay. 

One of the processes wherein micro-organisms play an active part for the pre- 
servation of juicy fodder, viz., that dealing with burnt hay, has already been 
noticed m § io6; and we will now briefly sketch a second and more general 
practice, viz , the preparation of brown hay. As in the former case, the warmth 
necessary for driving off the water in the fodder has to be supplied by thermo- 
gemc bacteria. In addition to these, however, another senes of organisms, 
converting part of the carbohydrates into lactic acid, butyric acid, (fee , comes 
into play. The percentage of water in the green fodder employed for making 
brown hay must be smaller than in that worked up into burnt hay. The 
materials (grass, <fcc.) are built up into a round or square rick from 1 6 to 24 feet 
m diameter, and 13 to 16 feet high, well trodden down, and thatched in the roof 
to prevent the incursion of rain-water. At the end of about three days, spon- 
taneous heating (“sweating”) will become manifest, and its progress can be 
convemently followed by means of a metal pipe laid in the stack and containing 
a thermometer (provided with a couple of attached strings), which can be drawn 
out as required, for the purpose of reading off the temperature prevailing in the 
interior of the heap In proportion as the temperature rises (generally up to 
70® 0., and frequently still higher), the mass begins to steam, and this goes on 
for eight to fourteen days, a further four to eight weeks being allowed to pass 
before the brown hay can be considered as finished. The product forms a firm, 
dry mass, the colour of which, under normal conditions, is between pale and 
dark brown, but is black when overheating has occurred. In point of cohesion 
this brown hay is preferable to air-dned hay, being less brittle than the latter, 
but tough and suitable for fodder. Its odour is aromatic, and recalls that of 
freshly-baked bread or honeycomb. Comparative investigations into the chemical 
changes produced in this method of preparation have been made by Dietrich, 
Moser, Weiske, and others The results obtained by Dietrich are given below 
(see Table, p. 200), since they afford material for judging the process from the 
Fermentation Physiologist^s point of view A parcel of aftermath was divided 
into two portions, the one being worked up into withered (air-dned) hay, and 
the other bo brown hay, and an average sample of each was subjected to analysis. 

A comparison of the first and third lines of this table at once reveals the 
high percentage of lactic acid and butyric acid in the brown bay, both of which 
are entirely absent from air-dned hay. It will be evident, upon mature con- 
sideration, that the production of these acids by bacterial activity does not occur 
m the centre of the stack, since the temperatures (70°-9o° 0 ) prevailing fhere 
are such as only the passive reproductive forms of these organisms aro able to 
withstand To obtain a correct idea, we must picture the changes occurring 
within the stack as proceeding in the following manner the thermo-bacteria 
develop m the centre of the mass and hberate heat, which radiates towards the 
outside. Between this hot central layer and the external strata exposed to the 
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cool air lies a broad zone wherein the precise temperature (4o°'-5o° C ) most 
suitable for the development of the acid bacteria in question prevails. The meta- 
bolic products from these organisms then gradually permeate the entire mass. 
The cluef material for these fermentations is afforded by carbohydrates (starch), 
as may be seen from the foregoing table, according to which the air-dried hay 
contains 40 9 per cent', whilst the brown hay contains only 23.2 per cent, of 
non-nitrogenous extractive matter (starch, sugar, dec ) Of the nitrogenous con- 
stltuenta, those soluble in water, i e amides and kindred bodies — of which the 
brown hay contained i.i per cent and the air-dried hay 3.0 per cent — are for 
the most part consumed. The loss of matter attendant on the preparation of 
brown hay is calculated by Dietrich as about 14 per cent. 

Brown hay exhibits one advantage over both air-dried hay and burnt hay, 
namely, that its preparation is much less dependent on the weather, a couple of 
fine days sufficing for protecting the finished bay. These days can, however, be 
selected at convemence, since the ricks of brown hay can be left untouched for 
a long time without dread of spontaneous ignition. Hence this method is fre- 
quently employed in rainy districts, e.g, the North Sea littoral and the Austrian 
Alps It is, however, inadvisable to resort to this practice where good air- dried 
hay can be made from the green fodder at disposal, because the feeding experi- 
ments performed by G. Kuhn and others, and reported by Fr Albert (I.) and 
Fr. Falkb (I ), concordantly demonstrate that the preparation of brown hay is 
attended with a considerable loss (amountmg to as much as 50 per cent of the 
total) uf digestible protein substances 

§ 155.— Sweet Ensilag’e. 

The preparation of brown hay is also partly dependent on the weather, in so 
far that a certain amount of dryness in the material before stacking is essential. 
Now, m many cases, it is either practically impossible or economically dis- 
advantageous to remove from the green fodder even the small quantity of water 
that must be got nd of in making brown hay. One instance of this kind is 
afforded by the enormous quantities of beet leaves available for a few days only 
in each year (during the ingathering of the beet crop), and another is the drying 
of the de-sugared slices of beet, an operation impracticable in many places owing 
to the lack of the necessary costly drying apparatus. In such, and many other 
similar cases, putrefaction of the readily decomposable masses is prevented by 
subjecting them to an acid fermentation without any previous drying. Formerly 
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this was effected exclusively in silos — whence the term ensilage, current for this 
operation in England and Erance, is derived. 

According to the composition of the raw matenals, their water-content and 
method of treatment, two classes of durable fodder are obtained, viz., green 
pressed fodder and sour fodder. The mam factor determining which of them 
shall be produced is the height of the temperature attained, as the result of 
spontaneous heating, in the mass. If this does not exceed 40° 0 ., then the 
butync ferments develop along with the lactic acid bacteria, and a sour-amelhng 
product, known as sour fodder, results. More detailed particulars of this are 
given in the next paragraph. 

If, on the other hand, the thermogenic bacteria develop vigorously in the 
heap, and thus cause the temperature to rise rapidly to 50° 0. and remain there 
for some time, then the lactic acid bacteria develop by preference, overcome all 
their competitors, and exert a practically undivided sway In this case a 
durable fodder is obtained, which is almost entirely free from volatile acids and 
devoid of odour, or with a somewhat sweetish smell, on which account it is 
known as sweet fodder, though this name is hardly correct, owing to the 
strongly lactic acid character of the product, A more suitable appellation has 
latterly been bestowed on it, viz , green pressed fodder. 

This process originated in England in 1885, under the name of sweet 
ensilage, but through the explanatory treatise written by G Fby (I ) became 
known on the Continent, where it was at first styled Fry’s ensilage. The 
numerous investigations to which it was there subjected led to important 
conclusions, both of a chemical and practical nature, which were fully reported 
by Er. Albert (II )- Nevertheless, from the Fermentation Physiologist’s point 
of view, no advance has been made beyond the general information already- 
given by Fry On account of this deficiency we ai*e obliged to dismiss this 
process (important though it is to agriculturists) with meiely a very few 
remarks. 

As the name itself implies, green vegetable substances, such as waste beet 
leaves, clover, green^maize, (kc , are used for the preparation of green pressed 
fodder. Silos are unnecessary, the materials being stacked in the form of a 
straw-thatched cottage, tightness of packing being an important feature By 
suitable means (e g horizontal beams with weighted ends, or similar stack 
presses) a continuous heavy pressure is exerted on the stack, the amount of 
the pressure being a predominant factor influencing the degree of spontaneous 
heating produced. Should the temperature not rise quickly enough, then the 
pressure is moderated to admit air more freely to the thermogenic bacteria On 
the other hand, if the temperature rises immoderately (beyond 70° 0.), then the 
pressure is increased, the access of the air restricted, and the oxidising activity 
of the said organisms consequently diminished The state of the internal tem- 
perature IS observed by means of an ensilage thermometer designed by E. 
Meissl, the scale of which projects from the side of the stack. In a word, the 
stack IS regulated in such a manner as to ensure the predominance of the lactic 
acid bacteiia, whereby, under normal conditions, a product of a green to olive- 
green colour, and of an aromatic sweet flavour, is obtained. The structure of 
the vegetable matters employed is still distinguishable A sample of this fodder, 
prepared from crimson clover, contained (according to Bohmer) 71 per cent of 
water and about o 36 per cent, of total acids, of winch 027 per cent, was lactic 
acid, and the remainder consisted of butyric acid, acetic acid, valeric acid, <kc 
In the researches recorded by Fr. Albert the total acids (calculated to dry 
matter) in a sample of green pressed fodder, prepared from meadow grass and 
containmg 68.4 per cent, of water^ amounted to 2.49 per cent , of which 189 per 
cent, was composed of non-volatile acids (lactic acid). 
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With regard to the losses of matter inherent in this process, that consisting 
of carbohydrates need not be further dilated upon, since it is evidently un- 
avoidable, being intimately connected with the production of heat on the one 
hand, and on the other with the formation of lactic acid. Greater importance 
attaches to the modifications effected in the albuminoids durmg the process, and 
these changes also afford a means for determining its value The numerous 
researches made on this point all tend to prove that the conversion of green 
fodder mto green pressed fodder is attended with a substantial loss of digestible 
albuminoids, the amount of the loss bemg in direct proportion to the water- 
content of the fresh material. The ferments consume a large amount of the 
albuminoids mitially present, and decompose them into amide compounds, 
ammonia derivatives, and even ammonia — all substances of but little, if any, 
use for the nutrition of animals which are to be killed for food. In the cases 
reported by Albert, the amount of these matters eliminated ranged from 13 to 3 1 
per cent, of the total nitrogenous matter (crude protem) present. 

§ 156.“Soup Fodder 

IS prepared m pits some 40 to 80 inches m depth, and 80 to 120 inches wide, the 
length depending on the quantity of fodder to be treated The most important 
raw materials are the exhausted shces of beet-root from sugar-factone's, fodder- 
beet, potatoes (previously steamed), frozen sugar-beet, chaffed maize stalks, (fee. 
The 1^0 IS tightly filled with these and covered with a layer of chop (chafif), 
surmounted with a thick stratum of soil, and over this again are laid boards, 
weighted with sufficient stones to produce a pressure of about 1000 kilos, per 
square metre (nearly 2000 lbs per square yard). Smee practically no oxygen 
can penetrate the mterior of the compressed mass, the activity of the thermogenic 
bacteria is very much impeded. Nevertheless, the temperature rises to some 
extent, as a result of bacterial activity, but not to anything like the' degree attained 
in the case of green pressed fodder, and, in fact, generally remains below 35° 0 
Observations on this point were made by K. Schatzmann m a silo of elliptical 
ground plan, and having a capacity of 37 cubic metres (1307 cubic feet). On the 
2nd day after filhng, the internal temperature registered 26° 0., and attained on 
the 1 6th day a maximum of 34° 0. , afterwards subsiding, so that on the 36th day 
23° 0 , on the 56th day 19® 0 , on the 86th day 12® 0., and on the io6th day 
8® 0 . were recorded. Under such conditions, the heat-loving lactic acid bac- 
teria could not be expected to gain the upper hand ; and, as a matter of fact, a 
number of highly divergent fermentative organisms take part in the production of 
sour fodder, the percentage of volatile acids in the fodder being correspondingly 
high, and the smell consequently sour In this process the loss of matter is stiU 
greater than was found in the case of green pressed fodder, and in an mstauce 
exammed by Julius Kuhn amounted to 23 4 per cent, of the total dry substance. 
The loss IS principally home by the non-nitrogenous extractive matter (Carbo- 
hydrates, (fee.), then by fermentable woody fibres, and finally by the albummoids, 
of which (in consequence of their conversion mto amido-compounde) about 40 
per cent, disappeared in the above-mentioned experiment (with soured green 
maize). In a second instance (beet shces), the loss was i8-’62 per cent. , and m 
a third (soured beet leaves tested by 0 . Kellner) as much as 68 per cent. 
Although these high proportions of loss in the souring process are regrettable, 
it should not be forgotten that the fodder materials now in question would 
be entirely wasted unless utilised by means of this process, whereas, when 
so mompulated, a considerable proportion of their nutritive constituents can in 
any case* be preserved. This souring process can always be rehed on to yield 
comparatively good results where all other methods for preservmg a given fodder 
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are impracticable or disadvantageous. To this advantage must be added, in mat 
cases, an improvement in composition effected by the process, 0 .^. the reduction < 
the percentage o£ (purgative) oxalic acid m beet-leaves, observed by 0. Kellne 
Numerous researches on this subject have been published, and the reader me 
be referred for further information to the summary of these investigations whic 
appears in a useful treatise by Junius EltTHN (I.), dealing with the matter froi 
the Agricultural Ohemist's point of view. 

Granting that the sacrifice of a certain portion of the given substance, in ordt 
to retain the rest, is inherent in this process, it by no means follows that ti 
extent of the said sacrifice cannot be reduced The great fluctuations ezhibite 
by the foregoing figures, referring to the amount of loss experienced, permit ti 
assumption that an excellent sour fodder can be prepared with a smaller prc 
portion of loss than the existing average. This opens up to the Eermentatio 
Physiologist a new and valuable field of work, still unexplored. The fermentati^ 
nature of the souring process being acknowledged, it follows that the next objet 
in view is the attainment of a clear insight into the physiology of this ferments 
tion; which knowledge will then facilitate the cultivation of the fermeni 
combining maximum efficiency with minimum consumption of material, an 
consequently capable of yielding the greatest proportion of best quality sou 
fodder Attention should be directed to the artifici^ inoculation of the silos wit 
selected ferments, since the resulting improvements ai'e of great pecuniary valu 
to the agnCultuml interest. (The author estimates them as represented by a 
annual Sum — for Germany aJone — of several millions of marks, ie. shdlings 
These researches should also be extended so as to include the kindred process c 
sauerkraut fermentation, the preparation of which important food-stuff, on lm< 
practised from time immemorial, formed the prototype for the production of sou 
fodder. Little is known of the physiology of this method, the literature of th 
subject being restricted to a couple of brief reports which ascribe the chit 
agency in the process to the lactic acid bacteria. 



CHAPTER XXVIL 


THE PART PLAYED BY BACTERIA IN TANNING. 

§ 157.— The Fermentation of the Flumping* Soak. 

The preservation of animal hides by simple drying is feasible only when they 
are to be stored for some time and brought on the market in a diy state. To 
accelerate this drymg, the fleshy side is m many instances rubbed over with 
arsenic or with common salt, A few investigations into the utility of the last- 
named substance were made by F Haenlbin (I ). The brittle solidity and 
fragility acquired by the hides in drying prevent their utilisation for practical 
purposes, and the more so because putrefaction sets in directly they are wetted. 
To remedy this defect is the object of tanning, i e the conversion of hides mto 
leather. Bacterial activity here comes into play at the outset of this operation, 
micro-organisms being necessary even in the preliminary treatment known as 
unhaiiing. As is well known, leather consists neither of the outer skin (epi- 
dermis) nor of the next layer of mucous cells (mucous membrane), but of the 
third layer (composed of closely interwoven cells), which, on this account, has 
been termed the leather (or true) skin (corium). Several methods of exposing 
this layer and simultaneously removing the hair exist, one of them being the 
so-called sweating process. In this operation the cleansed, soft hides are 
maintamed at a moderate warmth in a chamber saturated with moisture — the 
sweating pit Putrefaction quickly sets in, but is only allowed to proceed so 
far as to loosen the hairs and enable them to be scraped off, along with the 
epidermis and mucous membrane. A second method of unhairing is by liming 
or slackening, the bides being repeatedly steeped m an initi^y weak, but 
progressively stronger, milk of hme. In the absence of investigation on the 
subject, it IS still uncertain whether an active part is played in this operation — 
as is undoubtedly the case in the sweating process — by bacteria, certain species 
of which, capable of resisting the action of the milk of lime, have been discovered 
m the liquor by J, von SohbOdek and W. Sohmitz-Dumont (I.). The result of 
both operations is substantially the same, viz , the hair, epidermis, and mucous 
membrane are loosened, and can then be removed. 

In one reapeot, however, limed hides differ from those slackened by sweating. 
In the former case, calcium carbonate has been deposited m the interceUul^ 
spaces in the hide, which is thus rendered somewhat brittle and less pervious to 
the tanning liquor This carbonate precipitate is removed by steeping the hides 
m a pickle or “ bate ” consisting principally of a mixture of bran, barley, groats, 
and the excrement of various animals (dogs, fowls, pigeons, <fec ) in a state of acid 
fermentation. The chief, if not the sole raison d'iire of this process, which has 
been gradually developed through tentative experiments alone, has only been 
brought to light in recent years. The first progressive step consisted in the 
discovery, by Atro. Ekeund (I ) in 1871, that lactic acid is the chief product of 
the spontaneous acid fermentation of wheat bran. This explamed the favourable 
result of the bating of lime-slackened hides, the calcium carbonate bemg con- 
verted into the soluble calcium lactate, and thus washed out of the hides. 

Picklmg, however, effects a second and remarkable alteration in the hide, 
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causing it to swell up plump ”) to almost double its former thickness, thus 
loosening the cellular tissue and facilitating the subsequent penetration of the 
tannin. In order to make the most of this advantage, it is generally the custom 
to pickle even the hides that have been unhaired by the sweating process, and 
which consequently do not contain any lime that needs to be removed. The 
object in this cose is to plump the hides, z.fi. cause them to swell up, and this 
explains the term plumping soak ” applied to this acid liquor. This expansion 
of the akin is due to the action of the gases liberated m the fermenting hquor. 
The reactions occurring m this process are very diversified, as might be 
expected from the large number of bacterial species present m the bran itself 
and in the added f cecal matter Of these organisms, such as attack the carbo- 
hydrates develop most vigorously, these substances bemg present in large 
amount. 

J. T. Wood and W. Willcox (I ) described one species of this kmd and gave 
it the name of BoGt&nxm, furfwnSn The starch in the bran is hydrohsed and con- 
verted mto glucoses by an enzyme, cereahn — ^isolated from bran extract by J. T. 
Wood (I,)— i.nd these sugars are then acted upon by the bacteria in question, 
organic acids and considerable quantities of gas being produced. In a sample 
examined by Wood (II), i litre of the fermented bate contained o 8 gram of 
lactic acid, 0.2 gram of acetic acid, o 03 gram of formic acid, and o 01 gram of 
butjmc acid The disengaged gas was found, in difierent experiments, to consist 
of 22-42 per cent of 00 „ 28-53 c&xxt, of H, 24-26 per cent of N, and 1-4 
per cent, of 0, the percentage of carbon dioxide increasing as fermentation 
progresses. This fermentation is attnbuted by Wood and Willcox to the said 
bacterium, which they describe as short rods o 7 filong and 1.3 ju broad, united 
to form chains, but not, so far as they could ascertam, producing endospores. 
The cell- walls exhibit a tendency to swell up. The organism is incapable of 
attacking solid or dissolved starch, and consequently can only come into play 
when the cereahn has completed its diastatic action and converted the starch of 
the bran, (kc , into glucose. 

These discoveries must be regarded as a preliminary step to be followed by 
many others The unappetising and (hygienioally consider^) objectionable use 
of fsBces IS shown to be unnecessary ; and it would be advisable to endeavour to 
artificially “ sour ” the plumping soak by means of a sufficient quantity of actively 
fermenting leaven prepared from pure bran. 

The next step m bacteriological investigation in this matter should be to 
ascertain whether — as the figures above given lead one to suppose — pure lactic 
fermentation is the best form of fermentation for this soak. It should be men- 
tioned, moreover, that the removal of the lime from the slackened hides by the 
aid of dilute mineral acids is impracticable, since it seriously impairs the quality 
of the resulting leather. 

§ 158.— The Souringf of Bark Liquor. 

For the actual tonmng of the plumped hides there are, as is well known, 
three different systems available, viz., alum- or white-tawing ; oil-tawing, or 
shamoying, and bark -tanning — the last of which will now be briefly considered 
from a bacteriological standpoint. The chief tanning material employed in this 
case IS the bark ot various trees (oak, pme, &c.), m addition to which gall-nuts, 
myrobolams, sumach, <feo., are also used. 

Hides intended for sole-leather are placed in a tanpit in such a manner that 
each hide is separated from its neighbour by a layer (a couple of fingers in 
thickness) of coarsely- broken fresh bark, mixed with powdered gall-nuts, &c. The 
empty corners and vacant spaces are packed with old spent tan, and the pit is then 
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filled up with water At the end of eight or ten weeks the hides are taken out 
and relaid in fresh strata of bark, and this operation is repeated (three or fi.ve 
times) until the leather is impregnated with tan. There is no doubt at all but 
that the activity of microbes is also manifested in the tanpit, but at present no 
hypothesis can be formulated on this point, there being no scientifi.c foundations 
to build upon. 

Our knowledge of the reactions occurring in the bark liqour is, however, in 
a more satisfactory state. All the thinner hides, unsuitable for sole-leathers, 
are steeped, not in the tanpit, but in an aqueous (cold-drawn) extract of tanning 
substances, known as bark liquor or ooze (Fr. jusee^ Qer, Lohhrdhe) The actual 
process of tanning, the combination of tannic acid and phlobaphene with the 
fibres of the skin, does not concern us at present, this bemg a purely ohemico- 
physical operation. One circumstance, however, deserves brief mention here, 
and that is the subsidiajy phenomenon of the gradual sourin^f of the bark liquor. 
This change, well known to all tanners, was first chemically investigated by 
H. Bra-CONNOT (L), who, in 1832, discovered in soured bark hquor an acid which 
— as httle was then known of the properties of lactic acid — he considered to 
be a new, hitherto undiscovered acid, and therefore named it “ acide nanc6ique,” 
after the town of Nancy, where the discovery was made. This acid was, how- 
ever, quickly recognised by L. Gmelm as lactic acid. J. Wlamka (I.) m 1890 
showed that volatile, as well as non-volatile, acids are present in old spent bark 
liquors, the former consisting chiefly of acetic acid and the latter of lactic acid. 
The reader will have no doubt that the reduction of these acids (which are not 
present in the “ sweet ” liquor) is attributable to the activity of micro-organisms, 
which are here present in abundance, HAENLEm (II.) having found no less than 
60,000 bacteria (along with a few budding fungi) in the hquor prepared from, 
and corresponding to i mgrm of, Silesian oak-bark. The acids are produced 
from the saccharine constituents of the bark, a fact already evidenced by the 
researches of B, Kohnstein (I.) and J. von Schrobder (I ), who showed that 
in proportion as the sweet liquor becomes sour, so the percentage of these sugary 
constituents decreases. In practical working their initial quantity is found to 
be from 0.3 to 0.8 gram per htre 

A fission fungus named Bcunlhis ooo'ticaha, and recognised as an active partici- 
pant in the souring of bark hquor, was discovered by BIabnlein (III.) m large 
quantities in sour pine-bark liquor, as also in the fresh pine-bark. This microbe 
appeats in the form of short rods 0.7-1 /i broad and one and a half to twice these 
dimensions in length ; at the period of active reproduction the individual cells 
are connected into many-]ointed chams The bacillus thrives on nutrient gela- 
tin, nutrient agar-agar, and shces of potato, and requires but very little nutri- 
ment. Being able to withstand desiccation, it remains ahve in bark, where it is 
found in large numbers. It has a great affinity for hght, and grows more freely 
when illuminated than in the dark, though it is stiU capable of performing its 
vital functions under the latter condition. It thrives most vigorously at 30°- 
40° 0., and ceases to develop below 5° 0. ; in habit it is facultatively anaerobic, 
Le, oxygen is not essential to its growth. Its most important property, so far as 
we are now concerned, is its behaviour towards sugars, of which it acts upon 
dextrose as well as saccharose and lactose, and produces, m addition to acids, a 
considerable quantity of gas, composed (m one case investigated) of 95 per cent, 
of hydrogen and 5 per cent, of carbon moxide. Tannm is ilot attacked by this 
microbe, a fact confirmed by the observation made by J. von Sghrobdbr and A. 
Bartel (I.), that the percentage of tannin in the liquors undergoes no alteration 
on stondmg or during storage. 

The acidity of tannin bark liquors amounts to 0.25 gram (reckoned as acetic 
add) per litre and is, as the previously mentioned researches of Wladika have 
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shown, mainly due to lactic acid, the presence of which acid has a favourable 
influence on the quality of the leather. According to J. PIsslee (I ) a leather 
tanned with pure tannin handles poor and hard, but is rendered soft and supple 
by the acid gradually formed in the bark liquor It is therefore easy to under- 
stand why the tanner likes to see his bark liquor turn sour, and even attempts 
to favour and accelerate this state of things by mizing with the fresh liquor 
some of an older, already soured batch ^ thus unwittingly inoculating it with a 
culture (m any case impure) of acid bacilli Whether this microbe ^so acts in 
other ways is at present unknown, but it is a subject worthy of investigation. 
This applies particularly to the liberation of gas in bark liquors, which, according 
to Haenleihs researches, amounts to 1-2 c,c per gram of pine-bark. Important 
researches on the dependence of the normal progress of this souring operation 
on external conditions were made by F. Andbeasoh (I ). 

Although BaoillAia corticaks is by no means the only species found on pine- 
bark, still the composition of the bark hquor is specially favourable to its 
development. It is therefore probable that in the liquors prepared from other 
(and especially tropical) tanning materials, other (but allied) species will be 
found, not only because the bacterial flora of these materials (grown under 
other conditions) is different, but because these latter differ in chemical com- 
position from our mdigenous tanning barks, <fec , and consequently favour the 
development of other species of bacteria J. T. Wood (III.) has described 
the micro-organisms present in sumach infusions — In conclusion, it may be 
remarked that the process of tanning still presents a very profitable field of 
research to the Techmcol Mycologist. 



SECTION VII. 


THE FORMATION OF MHOUS AND ALLIED PHENOMENA 
OP DECOMPOSITION. 

CHAPTER XXVIII. 

THE IMPORTANCE OP BACTERIA IN THE MANTTFACTURE 

OP SLGAR. 

§ 159.— The Zoog-lcBa of Leueonostoe Mesenterioides. 

In the manufacture of saccharose there are occasionally formed certain masses 
of gelatinous mucus, for the most part merely small colourless or reddish agglo- 
merations, resembhng frog spawn in appearance, but, under special conditions, 
increasing to masses exceeding a cubic foot in dimensions Attention was first 
drawn to them by O. Sohbibler (I ), who, m 1874, subjected them to chemical 
examination, the result^of which indicated the presence of dextran, a carbohydrate 
first discovered by him in the plasma of unnpe sugar-beet. Scheibler, in fact, 
regarded this mucus as expressed beet plasma , but this opinion (which was alsc 
shared by E Feltz (I ) ) was very soon opposed, P, Jubbet (I.) having shown 
a few months later, that these gelatinous lumps (known in France as “ gomme 
de sucrerie continue to develop m sugar solutions. From this he concluded 
that they are not extravasated beet plasma, but a ferment (a “ plant,” as he 
expressly stated), whose reproductive power he succeeded in arresting by meane 
of oarbohc acid. The microscopical exanunation of the mass, however, as first 
made by P. Mbnbes and J, BoBaoHTSCHOFF (1.), led at the outset to no 
satisfactory elucidation. For an accurate knowledge of the true state of the 
case we are indebted to L. Oibnkowski (I ), who, in 1878, proved that the 
mucous mosses in question are composed of bacteria with extraordinarily 
swollen and gelatinised cell-walls, which cause the individual organisms to 
adhere together and form the aforesaid large masses, whose superficial con- 
volutions frequently resemble those of the mesentery. Influenced by Billroth’s 
publication on Coccobactena septica, and in view of the name AacococciLa 
BiLbrothii given by Cohn (II.) to a mucus-forming fission fungus, Oienkowski 
called his microbe Ascooocotia 7 nesente 9 'ioides The forms of cell which he detected 
in these mucinous lumps he described as highly diversified. Ooccus, Bacillus, 
Vibrio 

In the same year Yan Tieghem (VII.) published a research on the organism 
producing these mucinous masses, agreeing with his Russian colleague as to its 
vegetable nature, though with respect to its position in the botanical system he 
held other views. According to his observations, the development and repro- 
duction of this microbe harmonised so well with those of the blue-green uni- 
cellular alg80 of the genus JiTostoc, that he felt obliged to call it “ white ” 
(chlorophyll-free) Nostoc, and bestowed on it the new generic name of Leuco- 
nostoc Contrary to the observations of Oienkowski, who ascribed a copious 
polymorphism to this fission fungus. Van Tieghem could only discover globular 
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cells, as shown in Fig. 54 (which is made up from the drawings in the original 
treatise, and is here reproduced on account of its historic interest). Smce, 
however, the researches of this French worker were not performed with pure 
cultures, we cannot go more closely into the details of this illustration. 

It was not until 1891 that a thoroughly satisfactory bacteriological investiga- 
tion was made — by 0 . Ltesbnbero and W. Zopp (I )— on this organism. In the 
mtenm, the same gelatinous 
masses had also been observed 
in Indian cane-sugar factories 
by H.. Winter (I.). Adhering 
to the existing nomenclature, 
the two first-named workers 
showed that Leuconostoc mesen- 
tenoides has only one morpho- 
logical form, VIZ , a coccus of 
o 8 to i.o jLt in diameter. This 
discovery m nowise detracts 
from the accuracy of Oienkow- 
ski^s observations, for it must 
be remembered that he did 
not have pure cultuies at his 
disposal, but examined a 
sample of the gelatinous moss, 
which from its nature was 
very likely to have become 
infected by any number of 
fission fungi during its re- 
moval from the sugar-works 
at Orlovetz to the laboratory 
of Oharkow. 

The discoveries made by 

Liesenherff and Zonf that this Varlons fltngea ot developmontof tlie Zoo^rloeft formation 

jjiesenoerg Ziopi tnau ims ^ Twociin4nfl of cocci, eocii oxhlbltiug two Gniju-god (pre- 

microbe, when grown in or Bumably sporogoulo) memborH Moffn about 500 ( 4 /^er 

upon nutrient media free from Van Tivghm ) 
cane- or grape-sugar, does not 

develop a mucinous envelope, but grows in chains, and consequently assumes the 
streptococcus form (Fig. 55), are entirely new. Such nutrient media are * Solid — 
potato slices, peptomsed meat-broth gelatin, milk gelatin, maltose gelatin, on all 
of which it develops merely a thin pellicle without any formation of mucus , 
Zt^Mi^—milk and bouillon, in which merely a fine sediment of cells is deposited. 
If, however, a small portion of such a culture of non -mucinous cells be trans- 
ferred to a medium containing saccharose or dextrose, the formation of mucus 
quickly ensues. Under these conditions there then develop (on slices of carrot, 
in particular) laige zooglcea, at first dry, like cartilage, but afterwards becom- 
ing softer and resembling mesentery in appearance. Under the microscope it 
appears as shown in Fig 55. The cells, always globular, are invariably an'anged 
in pairs, ^ e as diplooocci The greatly swollen mucinous capsules of the indi- 
vidual cells gradually coalesce and form agglomemtions of constantly increasing 
size, m which the diplococci are enclosed. Locomotion could not be detected in 
any case. 

Not only was Oienkowski’s work corrected by the researches of Liesenberg 
and Zopf, but the same fate also befell some of the statements made by Van 
Tieghem. The latter thought he had detected endospores in his Leuconostoc^ 
and asserted that in unfavourable media some of the cells increased in siz.e, and 
I o 










Jj^ia 54 — Lcuconostoo moaentei loldcfl. 
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formed spores 1.8-2 o /x m diameter, the walls of which coincided with those of 
the mother-cell. No. 9 of Fig. 54 shows two such cell-chains, each of which 
exhibits two enlarged members wherein spore-formation has just commenced. 
When transferred to a favourable medium, these spores were said to burst their 
solid membrane and then reproduce themselves by fission, Liesenberg and 
Zopf were, however, unable to discover such spores, and in any case their 

presence would be unimportant, since 
I ^ . the organism already possesses m its 

^ ^ ® mucinous envelope an excellent means 

© f protection against adverse influ- 

ft ^ i ences. Owing to this envelope it is 

able — so Liesenberg and Zopf found 
I \ * — to withstand three and a half years’ 

^ desiccation in the air, and to resist the 

^ ^ ^ influence of drj/ heat at 100° 0. for 

over five minutes ; whereas the naked 
a modiOcation, growing on sliced pota- 

succumbs after five minutes’ ex- 
Mwfk Vm posure to a temperature of 75° 0. 

c ft* Like other fungi, however, it is much 

ijnfc ilj less able to resist vioiat heat (steam, 

• 1 heating in liquids), the envelope being 

readily penetrable by moist warmth. 
Un warming a culture of the gola- 
^ tinous form m a nutrient solution up 
forty-three minutes, and 

Ti keeping it at that iemperfiture for 

minutes, all the cells were killed, 
whereas a temperature of 86°-87° 0., 
under otherwise identical conditions, 
produced no injurious eftect. The 
I’lG 55 — Louconostoc mesentorioidea. naked variety showed itself even 

somewhat more susceptible; never- 
potato cnlture . c, e, cells with gelatluotifl oapsulo ^ 

In various stages of development In d ono pair LmconOBiOH meBGnierioidea 

of cells Is viewed In the direction of tho lino join- must be cluPSlfied among the heat- 

feg. ir'SfuS’ng by virtue of .vhich 

merely Indicates the oonflgTiratlon of the affglomo- Property it IS enabled to appear in 
rations, and not a stratlfloatlon of the oapsnlo. the hot diffusion battery and I'uice 
MagnabontKoa conduits of the sugar-faotory. The 


Fig 55 — Lonconostoo mesentorloldea, 

a, 6 chains and bands of the non-capsnled variety, 
potato culture . c, e, cells with gelatlnons oapsulo 
In various stages of development In d one pair 
of cells Is viewed In the direction of tho lino join- 
ing tlielr centres, and hence appears as a simplo 
cell, not as a dlplooocons The shading In o-e 
merely Indicates the oonflgTiratlon of the agglome- 
rations, and not a stratlfloatlon of the oapsnlo. 
Magn about i 2 oa (4/^er Liesenberff and Zojtf) 


same faculty of resisting heat may 
also be utilised m preparing a pure culture of the microbe : the sample (a 
gelatinous lump m a solution of sugar) destined for this purpose being kept for 
a quarter of an hour at 75° 0., by which treatment most of the extraneous 
germs (adherent to the mucus) are killed, leaving the Ijeucooiostoc unhurt. 

§ 160.— Physiology of Leuconostoc. 

The mucinous envelope is soluble in zino lodochlonde, concentmted sulphuric 
^d, strong caustic pot^ or soda, or in baryta water, but potassium iodide or 
lodosulphune amd produce no noticeable alteration This fact by itself proves 
that we have not m this\^e (as was supposed by Van Tieghem) to deal with 
oeUulose A beautiful double signing can be produced by first treating the 
cover-glass preparation witfe^da^violet, which stains the cocci alone, and then 
immersmg it m an aqueouB>gaSfe>a of rosolio acid, whfch is absoibedV the 
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mucmoufij envelope, the latter then surrounding the blued cells with a rose-red 
halo PreparatioDS of this hind sometimes exhibit a scaly stratification oF the 
envelope, the explanation of which is clear ■ the outer layer of the cell membrane 
swells up, detaches itself, and now encloses the cell on all sides, so that when 
this process has been repeated several times the envelope continually increases 
m size, whilst the dimensions of the bacterial cell itself remain unaltered, JBy 
softly pressing the cover-glass of such a zooglooa preparation the cells can be 
forced out of their mucinous envelopes 

As already remarked, the substance of which this envelope consists wns 
stated by Scheibler to be dexfcran, an opinion also shared (as the result of analy- 
tical experiments) by P. DAHTJMroHBy (I.) If, however, we consider the means 
by which these chemists arrived at their discovei'ies, doubts will arise as to the 
accuracy of their conclusions. In all attempts, made by macrochemioal means, 
to determme the composition of the vegetable cell membrane, the same difficulty 
is encountered, viz , the solution and removal of the cell contents. In order to 
attain their object, the reagents employed for this purpose must penetrate 
through the cell wall, and since they come into contact with it whilst still in all 
their pristine strength, they decompose it more or less effectually. When the 
liziviation of the cell contents is completed, then the product remaining behind 
for ultimate analysis cannot be considered, in point of composition, as unaltered 
cell-membrane substance, though its form may be still unchanged. This applies 
to the case now under consideration. In order to obtain the substance of tlie 
mucinous membrane in a pure condition Scheibler boiled tlie gelatinous mass 
(freed from adherent sugar) with milk of lime, and found that only a small por- 
tion was dissolved. This fact of itself bears evidence against the (chomioiil) 
uniformity of the substance of the mucinous envelope of Leucononioc. It is alho 
probable that even the dextran recovered from the lime extract is a decomposi- 
tion product of a more readily hydrolised constituent of the said membrane. 

The behaviour of this fission fungus towards sugars meiits special considera- 
tion. It has already been stated that the formation of miicus occurs only in 
such nutnent media as contain grape- or cane-sugar, the other carbohydrates 
tested on this point by Liesenberg and Zopf, being found unsuitable. Zcuco- 
nostoo Tneaenterioidea produces invertin, which then splits up the cane-sugar ; so it 
may be surmised that the development of the gelatinous membrane can only occur 
in presence of grape-sugar (and perhaps also fructose !). This does not, however 
imply that lactose, maltose, and dextrin are unafleoted by this fission fungus • 
on contrary, it ferments them and forms lactic acid, a faint evolution of 
gas being at the same time noticeable. The presence of a small quantity (-j-c 
per cent.) of ^loiiun chloride in the nutrient medium favours the production of 
mucus and the fermentative activity of the organism, the latter being bri.sker 
when oxygen is excluded. The optimum temperature for the devolopmoiit of 
this microbe being between 30° and 37° 0., it is evident that m order to kill 
tins pest the 3uice m sugar-factories must be kept at higher tempemturos 
consumes a pei'tain portion of the cane-sugar, and as it also produc-ofl 
leJiS sugar— the presence of which is well known to 

crystallisation of the can e-sugax^- another source of loss to 
Molasses naturally forms a highly suitable 
microbe The speed at which it ineveotes tlieroin is 
reported (from practical experience) as follows by E Durin (T.) . A wooden vat 

SrSn film^of^ beet-juice and the walls of wticli weie covered 

riiL of mucus zoogloea of Leuconostoc) was charged witli 50 )i I 

be^mfeon^^^^^ Attheend of twelve hours the whole of this Imd 

to i ^ ^ mucinous coherent mass. This microbe also gives 1 is(^ 

mischief m the refintoes as well as m the raw-sugar works, F. Ktroumisu (I ) 
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mentions such a gelatinous molasses derived from a colonial sugar-refinery 
and which yielded a piw^ty sediment consisting of the zooglcea of Leuoomstoi 
inemiteno%d^ on dilution with water. It should be remembered, when deter 
mining the sugar-content of a molasses by polansation, that the mucmoui 
envelope of LeibooTwstoc is optically active and deflects the beam of polarisec 
light three times as much as an equal weight of saccharose 

It may be mentioned as a curiosity that E Dunn — who regarded the chie 
component of the mucinous masses of Leuconontoc as cellulose — took out a paten 
in France (Feb 14, 1876) for the “conversion of crystallisable sugar (*cane 
sugar) into cellulose, and any uses ^preparation of starch-sugar, dextrose, gun 
cotton, oxalic acid, &;c) to which this cellulose maybe applied” {Br&oeU aan 
Gm*antie du Gouvernemmt I ). 

A fission fungus ranking along with Leuconoatoo in so far as its importanc 


to the sugar mdustry is concerned was examined by A Kooh and H. Hosaeus (I. 

In a certain sugar-works the syrup dc 



Fiq 56 — Bacterlam podloulatum. 

The niuciuouB envelopo developod on one side only, 
In tho form of a podnnolo Magn 37a {Jifter 
A, Koch and H Hosa&us ) 


stined for working up into second prc 
duct was found to contain gelatmoi 
masses resembling the zooglosa ( 
LeuconoatoCf but consisting of anothe 
species of bacterium, shown in Fig 51 
The special peculiarity of this micro t 
18 that the swelling of the membrai 
IS unusually great and extensive c 
one longitudinal side only, so that 
long peduncular mucmous thread 
gradually formed in this directio 
Od this account this fission fung 
was named Baci&iivm ped%(mla 1 m 


Unfortunately, it could not be 0 
tained as a pure culture In respect of this pecuhai unilateral gelatinisatu 
of the cell membrane it is not unique • the BacteoHum v^rTWiforme (the chi 
constituent of ginger-beer yeast, shovm in Fig 53), and also a fission fuug 
(^Nevshia r66mosa)^_^dipeovered by A. Famintzin (I.) in aquarium water, havi 
similar characteristics Moreover, in the algss, forming the neighbouring gro 
to the bacteria, and especially in the diatoms, many genera, e g, GomphoneTi! 
exhibit well-developed and branched gelatinous stalks 


§ ^.—Mucinous Fermentation and Inversion. 

The faculty of rendering sugar-juice mucinous is not restricted to the t 
microbes just described, a number of other species being now known to be capa 
of working similar injury. They, however, differ from the former in one cl 
raotenstic, which, though unimportant for the practical man, is neverthel 
not without interest f^om a physiological point of view. The gelatimsation 
the nutrient media intested by the microbes described above must be char 
terised as direct, sincd^ it is produced by the swollen cell-membranes of 
organisms themselves ^)onversely the gelatin-forming property of the spec 
now to be described is an indirect one, it being here a question of the convers 
of sugar {outside the cell) into the mucinous matter which A. B^iohamp (1 
proposed to call Viscose. In fact, we have to do with the actual producbior 
mucus, whereas the former^case was one of zoogloca formatiou. 

E. Ejrambe (II.) in 1889 described a BadllTia viacoaua aacchari which belo 
to this second group. The cells are rod-shaped, i p. thick and 2.5-4 p k 
united into many- jointed chains ; neither locomotion nor endospore formation cc 
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be detected. The organism thrives only on neutral or faintly alkahne nutrient 
media, and m these it produces, in presence of cane-sugar, a mucus having the 
elementary formula CgHioOg. No swelling or gelatimsation of the cell membranes 
occurs The optimum temperature for the reaction is 22° 0 ., but beet-sugar 
juice will become changed to a viscid mass in one or two days at the ordinary 
temperature. 

Fbitz Qlaseh (I.) described — as Bacterium gelaHnosmn hetce — a fission-fungus 
discovered by him m muomous beet-jmce. Already by its active motility this 
species difiers from the others we have described , and the same apphes to several 
other characteristics. It does develop in neutral 10 per cent molasses, unless 
the medium has been previously qualified with a little of the precipitate thrown 
down by alcohol from beet-juice — i.e. phosphates, dsc , of alkaline earths extracted 
from the molasses during the separation and saturation of the sugar-juice. The 
chief products of the decomposition (preceded by mversion) of cane-sugar by this 
organism are mucus and amyl alcohol The former is identical in properties 
with dextran, and is soluble in warm dilute acids and alkahes, but insoluble m 
baryta water or milk of hme. An acid odour is evolv ed during this fermentation, 
but no lactic acid is formed. 

The number of species of bacteria capable of interfering with the normal 
course of sugar manufacture is by no means exhausted with the examples 
mentioned above, but owing to the paucity of observations on this pomt no 
further reliable particulars can as yet be given Consequently the subject 
presents an admirable field for bacteriological research m order to elucidate the 
causes and prescribe remedial measures for muomous fermentation. It is well 
known to sugar-makers that the percentage of invert sugar in molasses in&reaaes 
durmg storage (sometimes for months) in the so-called reserves, and they are 
also aware of the decomposition occurring in stored raw sugar and resultmg in 
the formation of invert sugar. Now the faculty of excreting an inverting 
ferment is not very widespread among bacteria For a comprehensive m- 
vestigation on this point we are indebted to 0 . Fermi and G. Montesano (I.), 
who exammed about sixty (some of them pathogenic) species of bacteria, but 
found only four, viz., BaoUhia megathenwm^ Bacillua Jluojeac&iia hquefacieQis, the 
red Riel bacillus, and Proteus vulgaris, capable of producing invertin in 
saccharified bouillon. Experiments which have been made by A. Hsrzfeld 
and XJ Paetow (I ), on the prevention (by hydrofluoric acid and alkali fluondes) 
of inversion in molasses, lead to the hope that these antiseptics may prove 
useful in many cases. Further reseoi'ohes on this subject are highly desuuble. — 
The mtnc fermentation of molasses will be briefly mentioned in chapter xxx 

Sugar-juice and raw sugai* ore occafaionally infested with higher fungi as well 
os with bacteria. For instance, A Herzpeld (I.) and A. B. Frank (I ) report 
the occurrence of a red pigmentary fungus in raw sugar. They found (m an 
after-product) red lumps, about os large as hazel-nuts, which, under the 
microscope, proved to be abundantly infested with a thread fungus, the proto- 
plasm of which was stained by a red pigment, presumably generated by the 
bacteria present in large numbers in the mass The development of pigment 
bacteria is also frequently noticeable in the saturation scum thrown out from the 
sugar- works and spread over the fields, this scum being often found covered 
with coloured (mostly red) patches, whicn are presumably zooglcea of Micrococcus 
prodigiosus. 

Large though the number of injurious fission fungi in sugar may be, it 
is surpassed by the multitude of Euiaycetes infesting the sugar-beet. These, 
however, do not fall within our province, aiyi readers who may be inteiested in 
them ^re referred to the various text-books on plant diseases. The woiks 
compiled by A. B. FIiank (II) and P. Sorauer (II.) respectively, presuppose 
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a certain degree of (macroscopic) acquaintance with the individual maladie 
which they treat. On the other hand, the young sugar-technicist, who will 
a rule, be mainly desirous of determining the nature ot the disease brou 
under his notice, is advised to study 0 Kieohnee’s (I ) “ Handbuch 
Pflanzenkrankheiten ” (“ Handbook of Plant Diseases ”) . This work is admira 
supplemented by a good and cheap atlas (prepared by 0. Kieohnee and 
Boltshausbn (I ) ) of coloured plates showing the chief diseases attack 
industrial plants With the mformation thus gained, the learner will then 
able to resort with advantage to the two first-named standard works. A b 
review of the most important diseases set up m the sugar-beet by vegetabk 
animal parasites has been written by A Stept (I. and II ), and partici 
attention is devoted to Heterodera Schaohtii (the cause of the so-called nemat 
sickness) in a monograph by A. Steubell (I.), as also in a useful work 
J. Yanha and J. Stoklasa (I ). Investigations on the influence of these woi 
on the cellular activity of the beet, and on the resulting chemical chan 
thereby induced, were made by J Stoklasa (I ), and may now be mention 
At present we will merely refer briefly to the gummosis (Fr. gomiiwae) of 
sugar-beet, a complamt first described by Soeauee (II ) The symptoms of i 
disease are extravasation of small drops of a gummy fluid from the unbrol 
surface, and a gradual blackening of the vascular bundles and parenchyme 
the beet, from the tip of the root upwards It is still uncertain whether 
bacteria so abundant in this gum should be regarded as the actual cause of 
disease or merely as harmless saprophytes 
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ROPINESS IN MILK, WINE, BEER, AND OTHER LIQUIDS. 

§ 162.— Bopy or Viscous Milk. 

The first attempt at a scientific study of this malady was made in 1847 b; 
Gibabdin (I.), who hoped to elucidate it by chemical analysis, and sought th- 
cause m the defective composition of the fodder. This complaint may develo] 
to a variable extent in milk. In the worst cases the thickened liquid can b< 
drawn out to a thin thread a yard or so in length. J. Listbe (I.), in 1873, wa, 
the first to reproduce this complaint by inoculation, and thus indicated th< 
probability of a living source of infection. To ascertain this by microscopn 
examination was the task essayed by Sohmidt-MUhlheim (I.) in 1882, wh< 
found that ropy sour milk contained an unusually large number of cocci i p.u 
diameter, frequently united as chains, but also in many cases isolated, and ir 
the latter case apparently endowed with motile powers. Although at that time 
suitable methods of pure culture were no longer lacking, this observer made nc 
attempt to utilise them in his researches. This omission was, however, soor 
remedied by E Duolaux (IX.}, who prepared pure cultures of two species o1 
bacteria from ropy milk, both of which belong, morphologically, to the so-called 
capsule bacilli. The powerful lustre of the greatly swollen mucinous envelopes 
surrounding these cells is the first thing to strike the assisted eye, on whicl 
account the generic name, Actinobctcter (lustrous bacterium, star bacterium) 
was apphed to both organisms Under them influence the milk yields alcohol 
and acetic acid 

To these two pests (known respectively as Actinobaoter du laU viaqimujo and 
A polymo^'phm) a large number of others possessing similar powers have been 
added by different observers legs, micrococcus discovered by Hueppb (IV.) in 
1884 , the BacilluLS mesmteinma ^idgaiua^ investigated by ELtaoB (I ), and the 
Bacillus pituitoai^ a thick, slightly curved rod, discovered by Lobpfleb (III.J. 
Other allied species are a streptococcus, described by Hess and Boegbaud (I.), 
and presumably identical with that observed by Nooard and Mollbeeau (I.) , 
and a bacillus, 1 2 fi broad and 2 fj, long, obtained by Scbiitz from ropy milk, 
and described by St von Batz (I.). In 1890, L. Adametz (IV.) found in the 
Liesing brook (which runs into the Danube in the south of Vienna) a capsule 
bacillus, 0.7-1 2 fi long and 0.7 ft broad, which he named Bacillus lactia viacoaua^ 
and which is capable of turning both milk and cream ropy. It is fairly wide- 
spread m nature, and was also detected by Adametz (Y,) in samples of milk 
from the Sornth^ (Switzerland) In addition to this, three other fission fungi 
(named below) are found in Swiss sod, ope of them being the Bacillua Quilh- 
heau c., which is not only dangerous to the cows (giving rise to inflammation of 
the udder), but also produces various disturbances in the dairy by making the 
milk “ ropy ” and the npening cheese ** blown ” The facultatively anaerobic 
Micrococcus eifderi/reichiiy 2 /x in diameter, discovered by A. Guillebeatj (I.), 
IS still more injurious to milk, since, whereas the other organisms j'ust mentioned 
act only at high temperatures — approaching blood-heat, and therefore easily 
avoidable m practiqp — this coccus is active even at a moderate temperature, and 
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turns milk ropy within five hours at 22® 0 . The optimum temperature of 
development is two degrees lowei, and the microbe is destroyed by an exposure 
of two minutes to boibng heat. It has frequently been found in the distncfc of 
Berne, and often causes considerable damage. 

Simultaneously with this last-named organism, a third miciobe', also endowed 
with the faculty of turning milk ropy, was introduced by Guillebeau under the 
name of Bact&nuTYi Hessvi, This species, which appears in the form of actively 
motile rods, 3-5 /i long and 1.2/1 broad, is less injurious than the one just 
described, since the ropmess it produces in milk disappeai's directly acidification 
sets in 

The substantive cause of the mucinous condition may be of three kinds. 
Either it is attributable to the swelling of the membiane of the bacteria in 
question — as is apparently the case m those already alluded to as capsule bacilh, 
fl g. Actvnohactm'y B laotu viscoms, and also, according to the researches of 
W. ViGKAL (I.), with B 7 ne 8 ente 9 *t(yu 8 vulgatus—or, secondly, the milk-sugar is 
converted into a mucmous substance. This was asserted to be the case by 
Storch for two species of bacteria discovered by him, and was proved by G. 
Leiohmaitn (III.) for a bacillus isolated from ropy milk. This latter organism 
acts on lactose, cane-sugar, maltose, galactose, levulose, and dextrose (but not 
on manmte, arabm, or starch) lu such a manner that mucus and lactic acid are 
formed, together with a small quantity of ethyl alcohol In the third place, the 
ropy substance can also be produced from the casein of the milk. According to 
H Weigmann, this latter cause operates in the formation of the milk products 
known as 

§ 163.— Ropy Whey (Lang’s Wei) and Thick Milk (TsettemBelk). 

The Swiss dairj'men discard ropy milk for cheese-makmg, being afraid of its 
causing “ nests,” t.e places within the cheese where the ripening proceeds 
irregularly. They therefore devote particular attention to fumigating the stalls 
out with burning sulphur, scouring the milk vessels with soda solution, &c , m 
order to eradicate the evil as quickly as possible 

On the other hand, the Dutch look on the bright side of this evil, and even 
derive benefit from it, the most palatable production of the Netherlands, viz., 
Edam cheese, being piepared with the aid of ropy whey (Dutch, Wei) ^ The 
first observations on and experiments with this ropy whey were made in the 
“fifties” by a farmer (name unknown) of Assen delft, m Holland, but it did not 
come into general use in the manufacture of Edam cheese until 1887, when 
Boekel recommended it most emphatically. 

Weigmann (VII.) examined such whey, and found in it large quantities of 
a fission fungus, which is mostly arranged in pairs, but frequently also in chama, 
and bears the name of Stieptococcm hollandicfus. Sterile milk inoculated with 
this organism b^oonles ropy and sour in twelve to fifteen hours at 25° 0 

The same coccus was also found by Weigmann m the commeicial products 
known as T(Bltemfi(dh or Tmtuficelk (thick milk) in Norway, and Filmjolk (stringy 
milk) in Finland and Sweden. This strongly sour, ropy, thick mass, the casern 
of which IS in the conditiois^ of fine flakes, is a highly prized article of nourish- 
ment among the Scandiuav\fan races, and is artificially prepared from normal 
milk by either rubbing thei intenor.,^f^he milk-pails over with butter-wort 
{Pinguicfulamilga/ns)^ called TcBttegrm^ or by feeding this plant to the 

milch-cows. The leaves are found to be infested with a fission fungus which 
turns milk ropy, and is presumcObly identical with the above-named strepto- 
coccus. As already remarked, th <3 occurrence of ropmess in milk is usually 
accompanied by acidification, whereby the development pf numerous dther 
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speciGs of bacteria ly prevented This accounts for the circumstance that Tiet- 
mailk will keep for montlis without alteration if stored at a low temperature. 

Herz was the hrst to record obseivationa with re^^ard to so-called soapy 
milk, a term apphed by him to milk that exhibits a taste of soap and lye, and 
does not curdle, but only deposits a slimy sediment, even after prolonged 
standing. The cream from tins milk froths up vei*y strongly when churned. 
H. WKiGMAinf and G. ZrsN (II ) had occasion, in 1893, to examine a milk of 
this kind, and they succeeded in isolating therefrom a bacillus which is capable 
ot converting normal milk into the soapy condition, and is therefore termed 
Baoillm lacLis aaponacm,. It was afterwai’ds discovered that the organism 
originated m the litter, which was m a damaged condition. When that was 
withdrawn and the cows littered on sound straw, the milk no longer aufiered 
from this complaint. 

§ 164,— Ropiness in Wine 

was formerly attributed to a coagulation of the albuminoids, a hypotlicsis corrected 
m 1856 by G. Mulder (IL), who traced the chief souice of this malady to the 
conversion of sugar into vegetable mucilage. Young white wines, in parti- 
cular, fall victims to the disease, which in its incipient stage produces a fomt 
opalescence, followed by gradually increasing turbidity, until, finally, the liquid 
becomes thick, and by degrees so viscid that it can be drawn out into threads a 
yai'd or so in length, and can scarcely be poured out of the bottle. The flavour 
is disagreeably slimy and insipid, though the odour {houque^ is almost un- 
altered In Prance the malady is termed Maladie cU la graisse” or generally 
“ V% 7 i filant ” or “ V^n hwdeux^^ and the Italians style it Vtuo filante,^^ The 
earliest microscopical studies on this point were made in 1861 by Pasteur (XII.), 
who found a very large number of fission fungi always pi’esent in ropy wine, and 
also that by transferring a little of the liquid to sound wine of the same class 
the disease was quickly communicated to the latter. He described two kinds of 
cell form small cocci united in chains (sti'optococci), and irregnlaily shaped cells 
somewhat larger m diameter than those of yeast. The chief products of the 
mucinous fermentation set up in wine by this mixtuie of organisms were found 
to be gum, mannite, and carbon dioxide. Their ratio was represented by 
Pasteur in the form of an equation as follows * 

25^12^220^1 -f- 25H2O = 12C12H00OJ0 + 24CflHi40(] + i2C0j + i2JrjjO 

Socolinroae. Gum SlibiiulLe 

These proportions were admittedly variable, but this was explained by 
Pasteur by the supposition that the one species of ferment produces more 
manmte, the other more gum , and Monoyer, in 1862, attempted to represent 
these reactions by splitting up the equation into two. Some observations on the 
aforesaid streptococcus have also been published by E. Duclaux (X.). 

The thoroughgoing microscopical investigations performed, by J. Nessleu (II.) 
showed that the streptococci descnbed by Pasteur are frequently absent, or only 
present m very small numbers, in ropy wine, wheieas, on the other hand, 
the presence of certain unusually plentiful, extremely minute round bodies can 
always be detected. Subsequently a few samples of ropy wines were examined 
by E. Eramee (II.), mainly with the object of obtaining pure cultures of the 
organisms causing the malady, but this object has not yet been successfully 
accomplished. By means of the dilution method approximately pure culture^ 
of such a fission fungus have been prepared , and the name of Baoillus viscosits 
vim has been given to the organism It occurs in the form of rods, 0.6-0 8 /x 
broadband 2-6 ^ long, frequently united as many-jointed chains, and capable ot 
producing ropiness irf white wines in the absence of air. A thorough mycological 
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study of this malady has, however, still to be made. Neither the BactlUis 
mscosus saccharic mentioned in chapter xxviii , nor other similar cause of 
mucinous fermentation, is capable of giving rise to ropiness in wine, since none 
of them is able to develop in acid media 

One point is perfectly clear, viz., that the presence of sugar is a sine qud non 
for the occurrence of the malady, since it forms the material from which the 
mucus IS produced. According to Nessler (an expert in the treatment of wines), 
wines containing over lo per cent, of alcohol are proof against ropiness. 

With regard to the ropiness of cider — the most frequent malady to which 
this beverage is subject — nothing rehable can at present be reported. 

§ 165.— Bopiness in Infusions. 

This was microscopically investigated os far back as 1834 by Fe Kutzino 
(I.), who ascertained that the lower orders of plants here in question are partly 
algsd and partly fungi, the schizomycetes being the most frequently found 
members of the latter group. A few examples are given below. 

It is well known that fohorwm Digitalis very often becomes ropy, to 

account for the occurrence of which divers hypotheses were formerly current. 
Thus, for instance, it was asserted that the mucic acid in the leaves of digi- 
talis exerts a coagulating influence on the pectin bodies also present therem. 
W. BRlunaAM (I ) found in a ropy infusion of this kind a fission fungus, which 
he named Miaocoocus gelatinogmus, endowed with the property of gelatmising 
vegetable infusions (e,g. Ipecamanhcs^ Radix Alihecs^ Senegce, Folia Farfo/roa, and 
especially Folia Digitcdia), when mixed with sugar-cane, lactic acid being pro- 
duced at the same time. The mucus is precipitable by alcohol In nutrient 
media devoid of sugar the micrococcus develops, but does not form mucus 

Of interest to the analytical chemist is the Bacterium gummosum^ also 
obtamed by E. Ritsbrt (II.) from a ropy infusion of Digitcdw. This organism 
turns the nutrient medium ropy only when saccharose (but not dextrose or 
lactose) is present, and can therefore be employed as a reagent for cane-sugar 
to detect the latter in presence of large quantities of hexoses, e.g, in wine-musb. 
It will develop in highly concentrated solutions of this sugar, its growth not 
being impeded until the concentration exceeds 60 per cent. The mucus produced 
by this toion fungus has received the name of gummose, a term likely to lead 
to error, smce a somewhat widespread malady attacking the vine, the sugar- 
beet, and other plants, has long borne the name of gummosis or gummose This 
mucus IS distinguishable from dextran chiefly by being optically inactive. In 
addition to mucus the organism produces an uninvestigated acid, and a compound 
of unknown constitution, which deviates the plane of polarised hght to the right 
and reduces Fehling^s solution. According to the conditions of cultivation, J3ac- 
teriwm gummosvm appears as long or short rods, diplococcus or streptococcus, 
the first forms being motile and producing endospores. The addition of acetate 
of potash or soda or of yeast ash to the nutrient solution (e.y. sugar-beet jmce, 
ckc.) is highly favourable to development and to the production of mucus. 

The Bacdlus gummosus^ isolated by 0 . Happ (I ) from a ropy infusion of 
Digitahs^ is characterised by its large size, the len^h being 5. 0-7. 5 /*, and the 
breadth o. 6-2.0 fi. It exhibits an undulatory motion and forms endospores. In 
cultures on slices of potato and beet the cells are globular, with a diameter of 
0.7-0. 8 /I, but when transferred to gelatin or agar-agar they quickly become 
rod-shaped. Rapp obtained from ropy Senega infusion a pure culture of 
Muyrococcus gwmmosus^ the diameter of which is about 04/1. A notable diffe- 
rence exists between these two species with respect to their behaviour towards 
sugars, the first-named being able to set up ropy fermentation only in presence 
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of saccharose, whilst the Mi&ococcus also attacks maltose. The resulting mucus 
(soluble in water, but insoluble in alcohol and ether), which has the elementary 
formula is, although the chief, not the sole product of this fermentation, 

small amounts of mannite, butyric acid, lactic acid, and carbon dioxide being 
also formed ; and a part of the saccharose is converted into glucose. 

The so-called distilled waters {e.g, orange-flower water) often undergo 
mucinous decomposition, some particulars of which have been reported by 
L. Yiron (I.). As a remedy for this evil, P. Oarles advised the shaking up of 
the affected water with 2-3 grams of basic nita?ate of bismuth per hire, and 
filtering after standing. This is said to have answered particularly well with 
orange-flower water. Ordinary distilled water is often rendered mucinous 
by bacteria, especially when kept in wooden vessels; .A. Qoldbjdrg (I.) has 
reported an instance of this kind. 

A fission fungus, Bacierivm ghaofi'ogemcm, 0.57-1 r ^ long and 04 /i broad, 
has been isolated by P. Maleeba and G. Sann-a-Salaeis (I.) from mucinous, 
viscid mine (which often exhibits this property as soon as voided), and has 
been recognised as the cause of this condition. According to a research of 
MaIjBEBa's (I.), the mucus (gUscrin) thereby formed is nitrogenous 

It IS well known that ink frequently becomes mucinous and viscid. M. HiEY 
(I.) investigated this matter and examined a bacterial species concerned therein. 
As a preventive measure he recommends an addition of not less than 0.5 gram 
of salicyhc acid per htre of uik. 

O . Boeesoh (I.) made an observation, interesting to tlie chemist, concerning 
a fission fungus, Ba/roi'iia Jiava^ capable of producing ropiness in various liquids. 
This organism attacks fumaric acid (in acid solutions), but, on the other hand, 
leaves the isomeric maleic acid, OOOH — OH = OH — OOOH, untouched. 

Bopiness in tan liquors is a phenomenon both well Icnown and unwelcome to 
the tanner, to whom it causes considerable damage and loss, since not only is the 
hquor rendered worthless, but the hides steeped in it also suffer owing to the 
masses of mucus adhering so firmly to the leather that great difficulty is expe- 
rienced in getting them off again. This mucinous coating retards, or even entirely 
prevents, the penetration of the tannin. Closer investigations regarding the 
best means and methods of prevention would be valuable to this industry. 

§ 166.— Ropiness in Wort and Beep. 

Pasteur (III.) was the first to study this phenomenon with the aid of the 
microscope He traced the cause of this complaint, which has many points 111 
common with ropiness in wine, to a fission fungus occurring abundantly in the 
form of long chains in the affected liquids, and known by the name of Micro- 
coccus mscoms Morphologically, this organism greatly resembles a fission fungus 
observed by J. BsESon (II ) in a beer wort, which, instead of fermenting nor- 
mally when pitched with yeast, became thick, oily, and finally viscid and ropy. 

P. Lindnee (III.) in 1889 was the first to obtain a pure culture of a viscous 
ferment. This was a pediococcus (not specifically named) occurring in large 
numbers in ropy white beers, a class of beverage that is particularly liable to the 
malady. The capacities of the microbe in question are restricted to the pro- 
duction of ropiness in white beer wort, it being unable to do so in hopped worts 
and beers. Hence it is perfectly innocuous and unimportant, so far as true 
brewing, in the narrow sense of the term, is concerned. 

Other species appear in hopped beer. Two of these were found by H. van 
Laer (II ) in a number of samples of ropy beer, from which they were isolated 
to pure cultures, and named Bacillus visoosus /. and II. Both have several 
identical characteristics, e g the form and dimensions of the cells, which are rod- 
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shaped, 0.8 broad, 1.6-24 fx long, and mostly single, though not mfiequently 
joined m paii's 

In their behaviour towards beer-woit, however, they differ in a notable 
manner. It is true that both of them produce ropiness, but not of the same 
type. If jB. V /. IS m action, then, in proportion as the viscidity of the liquid 
increases, a number of mucinous, yellowish- white patches, termmating below m 
branches, appear on the surface In this way a coatmg of mucus is formed, the 
surface of which is gradually covered with protuberances produced by bubbles of 
the carbon dioxide liberated during this fermentation With v. //., on the 
contrary, this coating is absent , moreover, the evolution of carbon dioxide is less 
copious, and the ultimate degree of ropmess less pronounced than in the first 
case. Whilst the medady is m progress, the colour of the wort changes to a 
chicory-brown, and at the same time an odour develops, which cannot be more 
closely defined, but which of itself suffices to reveal the presence of the com- 
plaint A further characteristic affording a means of distmguishing between 
these two species of bacteria is their behaviour towards a sterilised solution of 
3 grams of cane-sugar and i gram of peptone m 100 c c. of water. This medium 
is made viscid and ropy by B, v I. alone, the second species producing nothing 
more than a persistent turbidity, accompanied by the evolution of carbon dioxide. 
Milk is alteied by both species in the same manner as wort. 

The fact that both these organisms also cause ropiness in nutrient solutions, 
devoid of sugar and containing no organic matter beyond calcium lactate or 
ammonium tartrate, is also interesting As a matter of fact, a high content of 
sugar 18 even injurious to the organisms This discovery agrees with the ex- 
perience gamed m practice, that beers with a low attenuation (and therefore a 
higher sugar-content) are comparatively seldom lopy. The proximate cause of 
this alteration of the medium is a mucus excreted by the bacteria. In the 
presence of sugar, carbon dioxide is liberated, and presumably a small quantity 
of another acid is also formed, since the acidity mcreases with the ropiness. 
The mucus is not a uniform substance, but consists of at least two constituents, 
one of which (insoluble m water) is characterised by its content of nitrogen. 
This fact harmonises with the circumstance that the malady sets in earlier m 
proportion as the nitrogen-content of the nutrient medium is greater. It also 
explains the fact, noticed m practice, that worts rich m protem, peptones, and 
the like, are those most readily becoming ropy A higher content of acid (o 15 
per cent, reckoned as lactic acid) restricts the development of both these species 
of fission fungus ; but alcohol, even in the proportion of 6 per cent by volume, 
is powerless to injure them In both cases growth proceeds at all temperatm^es 
between 7° and 42*^ 0., and is most vigorous at about 33° 0. 

A third viscous feiment, also discovered by Yan Laer, differs from the other 
two m its property of liquefying gelatinised meat-juice. 

L YAiJDAitf (I ) obtained from ropy English beer pure cultures of a fourth 
organism {BatyiUua viacoaus III,) m the form of rods 0.7 /x broad and 1.3-2 o /i 
long, mostly isolated, but frequently also forming bands of two or three cells 
So far as can be gathered from the particulars given, ropiness is produced, not 
by any metaboho product excreted by the hacillus, but by the thickened cell 
membrane of the organism. In other ways, too, this microbe differs from Van 
Laer’s bacilh. For instance, the development of the organism and the gelatim- 
sation of the medium occur only in presence of sugar, and the degree of ropmess 
is proportional to the amount of sugar ehminated. No evolution of gas could be 
detected in wort cultures. The unrestricted access of air is essentially necessary 
to the growth and activity of this bacillus . The organism is incapable of injuring 
beer except when present in large numbeis in the wort before the commencepient 
of primary fermentation. 
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The number of organisms capable of rendering wort viscid is not exhausted 
by Sch%s 6 omyc 6 te 8 already mentioned In the second volume we shall become 
acquainted with Dematium pulhdam^ a species of Eiimycetea which is equally 
capable of producing damage of this kind. 

§ 167.— The So-called Sarcina Turbidity in Beer 

will now be referred to, although no mucinous ferments are here in question. 
Bottom-fermentation beer is required to be perfectly clear, and if it proves 
defective in this particular it is considered poor or bad, according to the nature 
of the turbidity. This may arise from several distinct causes’ precipitated 
albuminoids = gluten turbidity , the presence of unsaccharified starch = starch 
turbidity; precipitated hop resins = hop dimness , a high content of yeast 
cells = yeast turbidity ; or, finally, strong infection with fission fungi = bacterial 
turbidity. This latter, again, may be caused by difierent species of organisms, 
a few of which (t e those producing turned and ropy beer) [have already been 
mentioned, the turbidity in their case being merely a secondary phenomenon 
attendant on another complaint. In the following lines, however, we will con- 
fine ourselves to the turbidity caused by bactena of the sarcina or pediococcus 
form of growth. Very frequently these organisms (m enormous numbers) are 
the only ones observable in samples of turbid beer 

The first observations on the subject were made by Pasteur and J. Bersoh 
(II ), and more minute researches were made by Julius Balcke, from whom 
these organisms first received the name of Sao*cina^ Francke afterwards found 
that this fission fungus always subdivides in two directions only (and not three), 
and consequently forms sheet colonies On this account Franoke (I.) in 1884 
applied the new generic name of Fediooocciis ceremaicB to this microbe. Not- 
withstanding this, it is still customary to term the malady under consideration 
“ sarcioa turbidity ” ; which is, moreover, partly correct, since true sarcina in 
great numbers have also been found in turbid beers The first successful 
attempt to obtain a pure culture of such a pediococcus was made by P Lindner 
(II ) in 1888. The Fe&iococmts ceremsim isolated by him from ‘‘sorcma turbid 
beer occurs as single cocci (0.9--1.5 /x diameter), diplococci, and tetrads Still, 
though it is undoubtedly the fact that this fission fungus occurs in large 
numbers in such turbid beers, it by no means follows that the organism can be 
positively assumed to be the cause of sarcina turbidity, attempts to gi’ow it in 
sterilised beer having proved unsuccessful Moreover, as Anton Petersen (I ), 
E Ohr. Hansen (V.), and Alfred J6rgensen (I.) have shown, a considerable 
quantity of sarcina may be present in beer without any damage to the beverage 
(turbidity or unpleasant flavour) resulting therefrom. 

Further particulars given by them render it highly probable, however, that 
“sarcina turbidity” is actually caused by fission fungi of the pediococcus and 
sarcina groups, but that the mere presence of these organisms is not sufficient to 
produce the malady, a special concurrent tendency thereto on the part of the 
beer being essential. For the determination of the conditions under which the 
“ sarcina organisms ” ore capable of producing “ sarcina sickness ” in beer, we 
are indebted to an instructive treatise by A Reichard (I.). He showed that 
this turbidity occurs only when the secondary fermentation of the beer goes on 
with vigour, and that, conversely, a similar degree of sarcina infection is 
innocuous if the primary fermentation has been earned so far that only a weak 
secondary fermentation ensue*^ Reichard attnbules this behaviour (confirmed 
by searching expenments) to the avidity for oxygen (air-hnngei ) displayed by 
the pediococoi It is only when the microbes are continually brought up to the 
surface of the liquid by the bubbles of carbon dioxide given off during a bnek 
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secondary fermentation that this avidity for oxygen can be satisfied and the 
development of the organism proceed. 

When no gas is liberated, and the pediococoi consequently remain at the 
bottom of the liquid, then no turbidity or unsatisfactory alteration of the flavour 
or smell will occur If, however, an infected beer be artificially brought into a 
state of active secondary fermentation by priming {aufkrauaen) with fermenting 
wort, then sarcina turbidity will not be long in making its appearance. This 
fact, determined by Reichard, indicates the necessity for caution in the employ- 
ment of fermenting wort for priming beer. This practice, as is well known is 
specially resorted to for livening up sluggish lager beers m the storage cask, 
and 18 of itself unobjectionable. Oare should, however, be taken to previously 
ascertain that no large amount of sarcma is present in the cask. Accordmg to 
the researches of Reiohaed and Rtehl (I.) hops are very useful in combatmg 
saroina sickness. To prevent the appearance of the malady 30-40 grama of 
hops per hectolitre of beer (or at the rate of 5 to 6 oz. per 100 galls.) should be 
placed in the storage cask, and the latter then closed (bunged) 

The injurious organisms in question either find their way into the wort in 
the cooler, or — as stated by Balcke^ — may be transferred to the malt store on the 
boots of a workman (floor-sweeper) who has previously been working on the 
malting floor, where these organisms abound It is, therefore, no wonder that 
the thick wort is also nob in these organisms, and may consequently become the 
source of acute troubles. The evil reputation of the thick wort and thick beer 
is also easy to understand from a bacteriological standpoint When such an 
infected wort is fermented, then, of course, the yeast crop will be contaminated 
with these injurious organisms and the malady will thus be perpetuated. To 
purify such contaminated yeasts, S von Huth (I ), in 1888, proposed an addition 
of 5-7 grams of sahcylic acid per hectolitre of beer (about i oz per 100 galls ) 
A second recipe of his, which was also approved by P. Lindner (IV.) m 1895, 
reads as follows : To each kilo. (2 2 lbs.) of pulpy or liquid yeast take 6 grams 
of tartaric acid dissolved in water. After stirring them thoroughly together, 
leave to stand for six to twelve hours, and then add the mixture to the wort m 
the tun. The results of this treatment are said to be satisfactory. 

It must, however, be expressly mentioned that this tartanc acid cure should 
not be employed nnleas the yeast under treatment is either almost or entirely 
free from wild yeasts, and is contaminated by sorcina alone. Otherwise it is best 
to throw the batch away, since the tartanc acid treatment, by favouring the 
development of the wild yeasts, would only make it worse th air ever. This will 
be referred to again in a subsequent section of voh u. 



SECTION VIII. 


DECOMPOSITIONS AND TEANSFORMATIONS OP ORGANIC 
NITEOGENODS COMPOUNDS. 


CHAPTER XXX. 

THE PHENOMENA OP PUTREFACTION. 

§ 168.— The Degradation of the Albuminoids. 

In § 15 of the Introduction it was stated that Liebig^s differentiation between 
fermentation and putrefaction is untenable, and that no sharply defined limit 
between those terms exists. Enlarging the definition of the term fermentation 
beyond its usual limits, we there defined this phenomenon as the transformation 
of various chemical substances by the action of minute fungoid organisms. 

Without prejudice to this general definition, we can nevertheless speak of 
putrefaction in particular, luniting the apphcation of this term to such fermen- 
tations as chiefly effect tbe decomposition of albuminoid substances. Any further 
attempt to analyse this more restricted term is at once frustrated by our igno- 
rance of the constitution of the albuminoids themselves. The multiplicity of 
contingencies here possible cannot be disregarded, and consequently no classifica- 
tion according to the final products obtained is feasible. On the other hand, no 
differentiation can be based on theKiomposition of the bodies subjected to decom- 
position, since we are here encountered by a question, hitherto unsolved by 
chemists, viz , What are the albuminoids ? 

Obviously mycologists might postpone further researches on this point until 
the necessary preliminaries have been performed by their chemical colleagues. 
As a matter of fact, however, the opposite course has been adopted, and tbe 
determination of the nature of the putrefaction products of albumen has not 
only led to hypotheses regarding tbe composition of that substance, but will 
probably also indicate the means whereby the nature and synthetic preparation 
of these high-molecular mtrogen compounds can be established. Provided the 
results obtained are of value to the chemist, and, though in a minor degree, to 
the mycologist as well, the credit thus accruing to Fermentation Physiology is 
not necessarily injured by the remark that, owing to tbe employment of indefinite 
bacterial mixtures, these endeavours are not always free from objection from a 
bacteriological point of view. 

In future researches into albuminoid decomposition or putrefaction, it should 
always be borne in mind that here also the co-operation and succession of various 
organisms (^.^. symbiosis and metabiosis) will have to be taken into calculation 
Until this is done, mycologioal text-books will have nothing better to offer than 
a vaned collection of isolated observations, such as are given in the following 
chapters and paragraphs. 

It has long been observed that the natural decomposition of albumen yields 
malodorous gases and vapours when proceeding in the absence of air. but that, 
on tlfe other hand, these attendant phenomena are wanting when air is allowed 
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fr*2e access. Titular dibtinctions have been employed to express these differ- 
ences, the natural inodorous decomposition of albuminoids being termed decay, 
whilst the name of putrefaction has, in a narrowed sense, been applied to the 
other set of phenomena. Formerly regarded from the chemical standpoint 
alone, the fundamental physiological basis of this differentiation has now 
been explained by the aid of mycological research ns follows: Decay is the 
result of aerobic microbial activity; putrefaction, of the energy of anaerobic 
organisms. Of course both these processes may go on simultaneously in the 
same substance, the outer surface, exposed to the air, decaying, whilst the 
interior putrefies This fact alone sufficiently proves how little value attaches 
to researches wherein pure cultures are not employed. M. von Nbnoki (III.) 
sought to explain the putrefactive decomposition of the albuminoids as a 
process of hydration, and cited in support of this view the observation that 
the products obtained are the same as those produced by the action of fusmg 
caustic potash. 

The bad smell characteristic of putrefaction is often attributable to several 


compounds of the aromatic series. 


One of these is Indole, 



combines as an imide with nitrous acid to form the red nitroso-mdole. This 
property is utilised for the detection of indole m cultures. Since a great many 
bacteria are capable of producing a small (though sufficient) quantity of nitrites 
in ordinary nutrient media, this characteristic red coloration can be developed 
(in presence of indole) by slightly acidifymg the culture with sulphuric acid. 
Of the pathogenic bacteria, Koch's Ftbrio cholerm asiaticm was the first examined 
for this reaction. This accounts for the current use of the term “ cholera red 
reaction," employed for this reaction by medical bacteriologists. / 3 -niethyl indole 
or skatole, which was first discovered in 1877 by L. Briegbr (II ) in human 
fsBces, is almost invariably produced durmg the putrefaction ot albumen ; its 
smell is even more repulsive than that of indole. A closely allied derivative of 
skatole, viz,, / 3 -nietliyl mdole acetic acid, 'v^as discovered by M. von Nenoki 
(IV.) among the putrefaction products occasioned hy BaciUus hquefaciens rmgnua 
m tlie absence ot air. Phenol was first recognised as a product of albumen 
putrefaction by E Baumann H.) in 1877, and orthocresol and paracresol by 
E. Baumann and L. Brieger (I ) m 1879 The capacity of a large number of 
(mostly pathogenic) species of bacteria for producing the above-named substances 
was investigated by A. Lbwandowski (I ) 

M. von Nencki and hia pupils made a series of investigations on the products 
of albuminoid putrefaction. Of their discoveries we will now briefly mention 
those referring to leucine and tyrosine These amido substances are secreted 
by the pancreatic glands, and are almost always present in fresh fseces. They 
are also produced, under certain condition*^, in the putrefaction of various albu- 
minoids. Now, according to NENCKfs (V.) researches, leucine is further 
decomposed by the activity of bacteria, the chief product being valeric acid, 
along with carbon dioxide, hydrogen, and ammonia. The reaction is approxi- 
mately expressed by the equation — 


CHg— OHg— OH2— CHij— CH NHa— COOH -f- 2F3O = 

Leuolno 

(GH3)2 = CH— CHs— OOOH + CO2 + 2Ha + NH3. 

Valeric add 

» 

The decomposition of tyrosine may be effected in two different ways in 
presence of air — as was shown by E. Baumann (II.) — the NJRj group issepsCrated, 
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and hydroparaoumaric acid, of which tyrosine may be regarded as the amine 
(alanine), is formed — 


OH 

CHa-OH.NHa— OOOH 

Tyrofllue. 


OeH/ 


yields 


C-H, 


,OH 


OH«— C 


^OHa— CHa—OOOH. 
HydroparaoutDarlo oold. 


When air is excluded, the results are, however, very dijfferent, indole, together 
with carbon dioxide and hydrogen, being produced. This reaction is approxi- 
mately represented by the equation — 


/OH 

OflH/ 

CH NHa— OOOH 

TyroAie 


= OfiR 




^ + OOg + HgO + Hg 


Indole. 


The evolution of sulphuretted hydrogen is a frequent accompaniment of 
putrefaction. A large number of bacteria are endowed with the power of 
liberating this gas, the production of which depends, however, not solely on the 
species of ferment, but also on the composition of the nutrient medium, a circum- 
stance which explains the contradictory results obtained by different workers. 
Thus, for example, Stagnitta-Balisteeri (I.) denied that Baadlus suhtihs^. 
Bacillus tetragenusj the so-caUed Wwrzel haadhis^ and others could form sul- 
phuretted hydrogen ; but Pbtbi and Maassen (Ilf.) then showed this contention 
to be incorrect, and that, in presence of peptone, the gas in question is produced 
by these microbes. In other cases, agam, this product may be masked, e.g, by 
combination with ammonia formed at the same time. A good deal of the sul- 
phur present m the nutrient medium is utilised by the bacteria themselves for 
structural purposes, the amount so consumed having been found by M Rubnbr 
(I.) to be equivalent to 23-40 per cent, of the total sulphur in the medium. The 
sulphur in organic combination is first occluded, a circumstance harmonising 
with the well-known fact that the sulphur in albuminoids is very easily removed. 
The more delicate processes leading finally to the evolution of sulphuretted 
hydrogen, still remain uneluoidated, Petei and Maassbn (IV ) are of opinion 
that the bacteria liberate hydrogen, which in the nascent state then extracts 
sulphur from the sulphur compounds and combines with it. They found that 
very little of the gas in question is produced when nitrates are present in the 
medium, but that these latter ore thereby reduced to nitrites. With reference 
to the fact (put forward to refute this explanation) that sulphuretted hydrogen 
IS hberated by ahrobic bacteria m well “ roused ” (aerated) cultures, Petri and 
Maaasen showed that hydrogen is also liberated under this treatment, and that 
consequently the presence of air favours the reducing action. 

The faculty of producing sulphuretted hydrogen is very common among the 
pathogenic bacteria, being absent in not a single one out of thirty seven species 
examined , and in many of them — 6 *g* the bacilli of swine erysipelas — the inocu- 
lated nutrient solution fairly bubbles from the quantity of gas liberated. ^ A 
convement means of detecting and separating sulpburetted-hydrogen-generating 
microbes from a mixture of bacteria by the aid of plate cultures is afforded by 
the ferro-gelatm, recommended by A Peommb (I.) for this purpose ; a pepto- 
nised meat-juice gelatin qualified by 3 per cent, of iron saccharate or tartrate. 
In such nutrient media each colony of the sulphuretted hydrogen bacteria will 
become surrounded by a black halo of FeS. 

The conversion of sulphates into sulphides by bacterial agency is also a deci- 
sive indication of reducing power. The conditions of vitality of a particularly* 
active species of fission fungus were investigated by Betbeinok (II ), who named 
the orgtnism Spirillurr^dcsvZfmncans, This strictly anaerobic microbe la utilised 
I P 
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in practice in bo far that by skilfully encouraging its development pit-water very 
nch in gypsum has been entirely freed from sulphates (OaSO^ being converted 
into OaS and FeS) and rendered suitable for various purposes, such as feed-water 
for steam-boilers, <kc. Further particulars on this matter will be found in the 
treatise referred to. The sulphuretted hydrogen produced by the above-named 
bacteria is consumed by a special group of fission fungi which will be more closely 
' considered in chapter xxxv. 

Among the sulphurous products of albuminoid putrefaction mention must be 
made of mercaptan (O^Hj SH), which was first detected by M. ton Nbnoki and 

Siebbh (II.) in cultures of Batyillua hqii>efaoien 8 magnus 

§ 169.— The Putrefactive Bacteria. 

In the course of his investigations (frequently alluded to m previous para- 
graphs) on the micro-organisms in putrescent liquids, Ohr. Ehrenberg observed 
a variety of forms and dimensions The smallest of them bordered on the limits 
(Lat. t&'mo) of visibility, and was so minute as to be almost indistmguishable by 
the aid of the optical instruments then available. On this account he, m 1830, 
gave it the name of Bacteriwm termo^ and subsequently, in 1838, expressed the 
opinion that this species is identical with the Yihrw lineola already described by 
O. F. Muller.^ However, when Felix Dujaedin (E), in 1841, undertook to 
critically examine Ehrenberg’s discoveries, and classified all the (infusorial) micro- 
organisms devoid of visible organs of locomotion into the family Yihrionia^ which 
comprised the three genera Bacterium^ Yibno, and Spimllvm, the old name of 
Ba/it&num t&nno was re-applied to this organism Dujardin also regarded this 
“ infusorium ” as the smallest of all livmg creatures (Ze 'premier terme en qvdque 
sort de la a^ie animale)^ and described it as follows . “ Form, cylindrical , length, 
2-3 thickness, i.o-i 2 ft; frequently united in couples; exhibiting a tremu- 
lous movement,” the latter being ascribed to alternate contractions and re-expan- 
sions of the plasma. To these characteristics Pbbty (I ) in 1852 added another, 
viz., the grape-hke form peculiar to the zoogltna of this mici'obe. One year later 
OoHN (V ) also described a hke organism Then when, towards the close of the 
sixth decade of the century, Pasteur fully explained the theory of specific fer- 
ments (originated by Kutzing), and proved its accuracy by a senes of examples, 
of which lijtic fermentation was the first, the inclmation to regard putrefaction 
as the work of a specific fission fungus gradually spread Hence it was that 
OoHN (E.), in 1872, propounded the dictum that “putrefaction is a chemical 
process excited by rod-bacteria ” (JBaoterium termo) 

The more accurate (physiological) investigation of this process long remained 
impossible owing to the lack of means for isolating and obtaining pure cultures 
of its active organism. For this reason the results obtained by different investi- 
gators (eg. B. SAJNDEESOiir (I) in 1871, and E. Eidam (I) in 1875) into the 
physiological conditions of the so-called Bactei'ium termo are now only of historical 
interest On the introduction of plate-cultures into practical bacteriology, pure 
cultures of the supposed Bacterium termo were soon obtained, and it was then 
found that this term comprised a number of different species Eosenbach (II ), 
in 1884, was the first to ascertain this fact, and described three distmct species 
of decidedly putrefactive bacteria, which he named respectively Bacillus sapro- 
g&nes L, //., and IIL Eosenbach undertook these researches from a medical 
pomt of view, and consequently treated the morphological and physiological sides 
of the question in a perfunctory manner Nevertheless, he deserves the credit 
of having finally banished the designation Bactei'ium t&i'mo from systematic 
botany ; so that, though the name is still occasionally used, it has now no special 
import, but merely serves as a convenient synonym for ;tho term “ putisefactive 
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bELcteria.” In this general sense the term is used in Fig. 57. The figure itself 
represents a species of bacterium (not more specifically identified) isolated from a 
putrescent liquid. 

G. Hauser (I.) investigated this matter more thoroughly, and showed, 
especially, that Baotermm t&rTno, in the sense implied by Cohn, does not exist. 
In 1885 he brought to our knowledge three putrefactive fission fungi, which ai'e, 
moreover, baotenologically important from their indisputable polymorphism, a 
peculiarity since recognised in many other species of bacteria, but at that time 
much disputed. Hauser’s discovery was welcomed by the supporters of this 
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theory, and the importance attached to it at the time was expressed in the name 
given to the organisms, Hauser having chosen the generic name Frotev^ for those 
extremely mutable Schizomyoetes A short description of their characteristics i£ 
subjomed. 

The cells of Proteus vulgcuris are generally o 9-1.2 /nin length, 0.4-0 6 ^ibroadj 
and almost always occur in couples In addition to these shoiii rods, elongated 
forms, very frequently attaining a length of 3 7 /Lt, also occur. Some extremely 
vigorous but very rare cells will measure 6 y. long by o 9 /x broad. One of thes€ 
IS shown Fig 58 The large number of cilia indicates considerable locomotive 
activity, and in fact this power is possessed by the various species of Frotms in 
a high degree, manifesting itself both by a rapid forward movement and a con- 
current (longitudinal) axial rotation Hence, the coupled cells describe a kind 
of double cone, the vertex of which is at their pomt of junction. In addition tf 
the above-named forms, gelatin cultures also yield spirilla, with two to foui 
convolutions; thread-cells, which may grow to a length of joo fx] and finally 
“ spirulma,” or threads bent in the form of a how, with ends twisted mto a 
queue. Under special circumstances involution forms are also produced : the 
cells swell up in the shape of a pear, and resemble spermatozoa, dumb-bells, &c. 
in form. 

Proteus mvrdbihs exhibits a very decided tendency for producing such involu- 
tion forms. Globular or pear-shaped forms, 3-7 fx in diameter, are very frequently 
developed in the cultures of this microbe, which also exhibits polymorphism 11 
a high degree, and in this particular greatly resembles the precedmg species 
Here aJso^we meet with short rods, long rods, spirilla, and thread-cells, rapidlj 
moving one through another in varied alternation. At the same tune smal 
but unmistakable differences exist Thus for example, these threads not unfre 
quently attain a length of 200 /x, ^ e. double the maximum size of the first-namei 
species. 

Proteins Zenkeri differs from the two preceding species mainly in its inabilit; 
to hquefy gelatin, bjit resembles them m other particulars, though its cells ar 
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generally smaller, the least of them being globular in form and o 4 /* in diameter. 
Short rods (0.8 /i long) joined in pairs are frequently encountered. These three 
species are unique in the bacterial kingdom m point of motile power, which they 
possess to such a high degree that a solid medium contaming only 5 per cent of 
gelatin is unable to restrain them, and they make their way across it m all 
directions. In order to stop this roving motion the gelatm content must be 
mcreased to 10 per cent. This peculiarity is not only of physiological interest, 
but IS also decidedly important so far as practical bacteriology is concerned, in 
that it indicates the futility of employing nutrient gelatin media containing less 
than 10 per cent of gelatm for the preparation of pure plate cultures of Proteua 
species. To complete the characterisation of these three species, it should be 
mentioned that none of them forms endospores, and that their growth may be 
arrested by depriving them of oxygen, though they do not necessarily die in 
consequence. They will not thrive m minerd nutrient media, such as those of 
Oohn and Nageli, When grown in albummous media, they produce stinking 
decomposition. A. BaoDKEiKB (I.) proved that m neutral or alkaline solutions 
Froteua vvXgaria is able to convert urea mto ammonium carbonate. He thus 
refuted the assertions of Leube to the contrary, and confirmed the discovery of 
Schnitzler and Hofmeister. 

No pretension can be made in the present work of giving a complete descrip- 
tion of all known forms of putrefactive bacteria, and therefore the examples 
already cited, hemg the species most frequently met with, must suffice. More- 
over, we have already mentioned others of this class in previous paragraphs. 
One of these, viz , the Baoterivm Zopfii, discovered by Kurth (I ) m the 
stomachs of fowls and shown in Fig. 31, is, according Ozaplewski, identical with 
Frotms Zenheri. This note appears in an abstract of a work by Oh Mouginet 
(I ), who, also, minutely exammed a number of putrefactive bacteria. Hols- 
OHEWNIKOFF (I.) described a fission fungus closely allied to Proteua vulgwria, 
which, from its faculty of producing sulphurretted hydrogen, has been named 
Frotem aulfurem. 

Only one more species will be dealt with here, and that briefly, viz , 
ooU commune^ which is an invariable inhabitant of the alimentary canal of the 
human subject (and of all the higher animals hitherto examined), and constitutes 
the most important of the bacteria present m fflsces. This parasite was first 
described by Th. Esohbeioh (T.) as a slender short rod, o 4 /* broad, the length 
varying with the conditions of nutrition and cultivation, but mostly measuring 
2-3 fly though occasionally it decreases to 0.5 fi. By some authors this fission 
fungus IS named BaoiUua colt cowmAmia and Colon haeilhjba. Like the Proteua 
species, it generally appears as double rods, but its movements are sluggish 
and laboured. It does not liquefy gelatin. In media containing sugar it can 
develop even in the absence of oxygen, and hberates a gas which — ^according to 
Fremlin (I.) — consists of two-thirds carbon dioxide and one-third hydrogen. 
No development of endospores has hitherto been detected In its manner of 
growth in artificial media this organism agrees m many particulars with BaciUua 
typhi dbdomvnaha. Consequently they are extremely h^d to differentiate, and 
tins makes the bacteriological examination of water a particularly difficult opera- 
tion when the presence of typhus bacilli has to be quantitatively determined. A 
further complication is imparted by the extreme sensitivity of B ooh oormnune 
to modifications in the conditions of cultivation, and by its great tendency to 
form varieties. For instance, a number of races of B, coli commune are now 
known, which, under certain circumstances, are not merely saprophytic, but also 
pathogenic. A more detailed treatment of this question would occupy too 
much of our space, and besides, the matter is fully recorded in Tiemann-Gartper*a 
work on Water Analysis, A synopsis of the most unpcrtant researches of 
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Eachench, Kohler, Baginsky, Bischler, and others, ojq the methods of nutrition 
of B, coh convrmme and its powers of decomposition, was prepared by M. InB (I.) 
in 1891. The facta brought to light since that date will be found in the several 
yearly volumes of A. Koch*s “ Jahresbericht ” 

We will now briefly ref er to the subject of intestinal putrefaction. Mention 
has been made in a previous paragraph of the fundamental difference between 
the processes of decomposition effected in the small intestme on the one hand and 
in the colon on the other, in man. On issuing from the stomach — ^where, by 
the action of the pepsin and hydrochloric acid secreted by the gastric glands, a 
more or less extensive peptonisation of the digestive albuminoids in the food has 
been effected — the pulpy food, now known as chyme, has a strongly acid reaction 
(equivalent to o. i-o 3 per cent, of hydrochloric acid) Immediately on its arrival 
in the upper division of the alimentary canal (small intestine), it becomes mixed 
with bile and pancreatic juice, under the mfluence of which the fat is emulsified 
and the insoluble carbohydoates (starch) are hydrolysed. Both secretions have 
an alkaline reaction, which, however, is not sufficiently strong to immediately 
neutralise the acidity of the contents of the intestine This slightly acid nutrient 
medium, nch in sugar, offers a favourable field for the activity of the lactic acid 
and allied bacteiia mtroduced along with the food; and, moreover, the acidity 
restricts the development of the competitive putrefactive bacteria In propor- 
tion, however, as the contents of the intestine are forced onward and approach 
the colon, the acid reaction is neutralised by the alkahne mucus secreted by the 
intestinal glands. At the same time the composition of the mass has become 
changed, since the products of the hydrolysis of starch, which have also to some 
extent been converted by the aforesaid bacteria, have been absorbed into the 
blood-vessels. Therefore in the contents of the colon it is the (undigested or 
indigestible) albuminoids and biliary constituents which are decomposed by the 
putrefactive baotena now coming into action, and it is here that the malodorous 
products (indole, skatole, volatile acids, sulphuretted hydrogen, &c.), to which the 
intestmal contents (finally issuing from the rectum as fceces) owe their repulsive 
smell, are produced. 

The researches of Maopadthn, Nhnctci, and Siebeh (III ) revealed both the 
actual course of the process just described, and the fact that, contrary to the 
view expressed by Pasteur, the putrefaction occurring m the colon is not essen- 
tial to digestion The above-named workers performed their experiments on a 
patient suffering from a strangulated hernia at the junction of the ileum and the 
coecum This portion of the intestine was removed by an operation, and the 
subsequent surgical treatment necessitated the construction of an artificial 
evacuatory passage {<mu 8 prmtematuralia) at the extremity of the small mtestine, 
until complete union of the severed portions was restored, an affair of six months’ 
duration. Meanwhile the contents of the intestine were discharged through this 
aiiiificial passage, and, though no digestive functions were performed by the colon, 
the patient nevertheless kept in good health, and even mcreased in weight. This 
will explain why Nencki regarded the development of antiseptic digestion as the 
goal of the physiology of nutrition, is, digestion in which the putrefaction occur- 
ring in the colon is either abolished, or at least reduced to a minimum, in order 
to prevent the formation of decomposition products that are not only useless to 
the body, but even troublesome and dangerous. As a matter of fact, Gbobgk 
Nuttall and H Thierfeldbr (I.) recently afforded a convincing proof of 
Nencki’s theory by rearing some young porpoises, bom by the aid of the Caesarean 
operation, and nourished in a suitable sterilised chamber. On examination at 
the close of the experiment, they were found perfectly healthy, though entirely 
free from bacteria. Pasteur’s assumption (which was also supported by Soxhlet 
with reference to his incomplete process of milk sterilising) was thus shown 
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to be erroneous. A few observations on this point were also made by E. ' 

Duolaux (XI.). 


§ 170. — Proteolytic Enzymes. 

All the fission fungi (with the few exceptions given in chapter xxxiii.) 
require nitrogenous nutriment for the construction of their cells. Such of 
these nitrogenous materials as are soluble in water, and therefore diffusible 
through the cell-wall by osmosis, need not be referred to here Mostly, how- 
ever, the nutriment presented to the bacteria is insoluble in water, and this is 
particularly the case with the protein albuminoids. To enable these latter to 
supply the nitrogen required for the elaboration of the bacterial plasma they 
must first be converted into soluble compounds, a task which is effected by the 
proteolytic enzymes. So far no comprehensive study of these active bacterial 
secretions has been made, and at present our knowledge is chiefiy confined to 
the enzymes dissolving gelatin and fibrin, A new classification of the bootena 
into two groups, the liquefactive and non-liquefactive towards gelatin, according 
to the presence or absence of a proteolytic enzyme, has obtained currency in 
practical bacteriology since the mtroduction of the Koch system of plate- 
cultures. 

We are indebted to Ol. Fbiiimi (IT.) for the first extensive senes of pure 
culture investigations on this point. He proved that a gelatin-dissolving 
enzyme is formed in cultures of the following species of Schizomycetea • — 
BaciVAia auhiihsy B, anth'acia, B megatherivm, B pyocyaneics, Vihno cholercB 
(latattacBy Viby^io FivhUr^ Prior , Micrococcm prodigioauSy M, aacofo^'mia, M, 
ramoauay apirilla from oheeaCy (fee. Fibrin is dissolved as well as gelatin, but less 
readily than the latter. Egg-albumen and coagulated blood-serum offer greater 
resistance to these bacteria, thus indicating that pepsm is not present Reasons 
exist for assummg that the enzymes produced by the said microbes are not aU of 
the same kind, one conclusive indication being afforded by their behaviour under 
different temperatures. Thus, for example, the proteolytic enzyme produced by 
MiorococcfiLB prodigiosm is rendered inactive (in solutioi^ by a temperature of 
55° 0 ., that from B pyocyansm by 6o° 0 ., that from amihrama by 65° 0 ., 
and that from Vibrio Finhler-Prior not below 70° 0 . Similar differences of 
behaviour are observed towards acids, bases, and poisons. A fundamental 
difference exists between these enzymes and pepsin, smee whereas the latter is 
extremely sensitive towards aJkahes, and is absolutely incapable of dissolving 
albumin except in presence of free hydrochloric acid, the b^tenal enzymes in 
question act on fibrin in neutral or faintly alkaline solutions only, though they 
T^l attack gelatin even when the hquid is shghtly acid (0.5 per cent HOI). On 
this latter account they more nearly resemble trypsin, ie. the enzyme secreted 
by the gastric glands. None of the Schizomycetea under examination was found 
capable of producing an enzyme able (like pepsin) to dissolve fibnn m presence 
of an acid. According to Fermi’s (III.) results, the excretion of the proteolytic 
enzyme occurs, as a rule, only when albumen is present mthe nutrient medium. 
Two only, of all the species examined by him, exhibited any variation in this 
respect, viz., Micft'ococcua prodigioaua and B pyocyemmsy which yielded a proteo- 
lytic enzyme when cultivated in a mineral nutnent solution qualified ’with 
glycerin or mannite. 

It has long been known that antiseptics in small doses exert no injurious 
influence on the action of enzymes. On this point some conclusive investigations 
were published by Fermi and Pernossi (I ), and use is made of this property m 
testing for the presence of a proteolytic enzyme in samples of liquids or baqjjenum 
cultures, an easy method proposed by !I^rmi (lY ) beftig employed. A so- 
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called Thymol-gelatin is prepared la the following manner* — Water saturated 
with thymol is qualified with 5-10 per cent, of purest gelatin, and after being 
waimed on the water-bath is poured into test-tubes (10 c.c. in each). The 
tubes are kept in a vertical position, and are ready for immediate use as soon as 
the contents have set. The thymol present therein will prevent any develop- 
ment of bacteria. A large stock of these tubes can be prepared, and the contents 
preserved from desiccation by placing the (open) tubes, mouth downwards, in 
a covered glass vessel containing a little distilled water. The bquid to be 
exammed is filtered to remove any solid particles. A few 0 c. are then placed 
in one of the thymol-gelatin tubes, and a little thymol is added to prevent the 
development of any bacteria already present m the sample. The tube being 
then left to stand at room temperature, the presence of any proteolytic enzyme 
in the sample will be revealed in a few days by the liquefaction of an appreciable 
stratum of the gelatin. To enable this change to be rehably ascertained a mark 
18 made on the tube at the time of filling, to denote the level of the gelatm. 
The risk of the gelatin becoming dissolved by any large percentage of acid or 
alkali present should be obviated by neutralising the sample before commencing 
the experiment. Liquids containing substances such as tannin, glycerin, (fee , 
capable of preventing or retardmg the solution of the gelatin, are unsuitable 
for use This simple method may also be employed as an approximate 
quantitative test for determining the relative strength of two solutions of a 
proteolytic enzyme, since the amount of gelatin dissolved per unit of time under 
identical conditions may be regarded as a measure of the concentration or 
potency of the samples. If tubes of equal diameter are used, then this relation 
is simply expressed by the height (thickness) of the two liquefied strata Fermi 
claims that his method is more reliable than those proposed (for the same 
purpose) by Grunhagen, Qrutzner, Brucke, and Schiitz, and which consist 
chiefly m determining the amount of jxbmn dissolved by the sample under 
certain definite conditions. As we have already mentioned that iiiis latter 
substance is attacked with greater difliculty than gelatin, it will be at once 
evident that Fermi’s method is the more delicate 

With regard to casease, i e the enzyme decomposing the casein of milk into 
soluble products, the chief particulars have already been given m § 147, Many 
bacterial species aie, however, capable of dissolving this albuminoid without any 
trace of casease being found in the cultures. One of these is the Bactei^ium 
peptofcbcima, isolated from milk by Al Bernstein (I ), which is particularly 
active in converting casein into peptone and albumoses, a little (o 2 per cent.) 
lactic acid being also formed. If, now, the milk be boiled after the bacterium 
has been in action for a short time, the unconverted casein will be thrown down, 
and, when filtered off, leaves behind a liquid which is rich in readily digestible 
peptones, and has been named “ gulactone ” by its inventor. The milk-sugar 
present in this liquid may be fermented by the addition of suitable yeasts, and 
then yields “ galactone wine.” 

The bacteriological researches of the past few years have resulted in an 
important modification of the opinions held regarding the so-called carnivorous 
plants. According to eaiher statements, the glands of the parts of the plant 
acting as a snare secreted a dissolving albumen enzyme, which digested the 
captured prey, i e convei’ted its albuminoids into assimilable peptones, &c 
Hoppe-Seyler in 1876 threw doubts on the presence of this enzyme in Ih'os&ra 
rotuvdifoha, and in 1889 N. Tischutkin (I ) ascribed the phenomenon to 
bacterid activity 

This observer ascertained that the juice collecting on the surface of the 
leave^ of P%ngu%(yida is rendered inactive by painting the leaves over with 
bactericidal media. '•The same conclusion was arrived at by R Dubois (IT.) in 
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1 8 go, m his experiments on the contents of the urns of N'epeTithes ; and two 
years later the matter was again examined by Tisohutkin (II.) m the following 
plants • — Drosera rotundifoha^ L., D, Longifoliri^ L., Dionoea museipula^ EU,, 
I^epentkea Master ai^ the results confirming the hypothesis expressed above, viz., 
that the digestion of the albuminoid bodies faUing or introduced into the juice 
excreted by these plants is exclusively due to the activity of bacteria settling m 
the said hquid and there producing a proteolytic enzyme. According to an 
analysis by Yolker, the juice collecting in the cups of Mepmthea contains about 
o.S-o.g per cent, of dry matter, about 39 per cent, of which consists of malic 
acid and 50 per cent, of pota^um chloride, the two substances already 
mentioned in § 41 as powerful bacterium stimulants. The juicQin the unopened 
young cups of Nepenthes contains neither proteolytic enzyme nor bacteria, the 
latter falling out of the air into the liquid only after the cups are opened. 
Ample opportunity is soon afforded for the exertion of their decomposing power 
on the insects caught in these traps and prevented by special contrivances from 
escaping. For the preparation of this nutrient material the organisms elaborate 
enzymes, the proteolytic properties of which are utihsed by the plant. These 
so-(»lled carnivorous plants consequently present a beautiful example of 
symbiosis existing between higher plants and bacteria. 

§ 171.— Ptomaines and Leucomaines. 

The first step towards the elucidation of the regrettable fact that putrefying 
albuminoids, when introduced into the blood-vessels of man or the higher 
animals, set up violent reactions {sepsis^ septiccemia), which may, under certain 
circumstances, prove fatal, was made by P L. Pai^um (I ) in 1856, who proved 
that putrescent albumen contains a poisonous fission product which cannot be 
destroyed by boiling, treatment with alcohol, or similar methods, and is con- 
sequently not an organised creature, but a chemical compound (known as 
“extractive putrescent poison”) This discovery, which was tested and con- 
firmed by M. Hammer (I.) and F, SoHWBiaNQER (I.), is also of historical 
importance in Pathological Bacteriology, since thenceforward medical views and 
researches concerning the nature of the diseases engendered by bacteria pursued 
two divergent paths the one school holding these diseases to be toxic phenomena 
produced by the poisonous metaboho products (toxins) of parasites growing 
within the body, whilst the other regarded the vital activity of the organisms 
themselves as the immediate cause of the malady There is no occasion for us 
to follow this conflict of opinions, which is still rife ; so we may confine our 
attention to the efforts of Panum*s successors in the narrower field of albuminoid 
putrefaction Among these E. Bergmann (I ) and 0 . Sohmiedeberg (I.) chiefly 
deserve mention as being the first to obtain (1868) a poison of this group — by 
precipitation as sulphate (the so-called sepsin sulphate) from putrescent beer- 
yeast — in a crystallme form, and therefore available for closer chemical mvesti- 
gation and characterisation. M. vON Nbnoki (V.) was the first, in 1876, to 
successfully prepare such a poison in the pure state, viz , the alkaloid collidine 
(isolated from putnd albumen), having the formula OgH^jN, and being (accord- 
ing to its constitution) trimethyl pyndine, OjHjN. (0H3)g. Such alkaloids, are 
also formed, as a matter of course, during the decomposition of the human 
cadaver (Gr ptoma), and on this account F Sblmi (II.) in 1878 gave the name 
ptomaines to putrefaction alkaloids m general. 

This newly discovered group was gradually enlarged, and now includes more 
than fifty substances. OompEiratively speaking, the majority of these new bodies 
were discovered by L. Brieqer (III.), to whom we are also indebted for new 
methods for the separation of these poisons from putresoent hquids. (Jf the 



PTOMAINES AND LEUCOMAINES 233 

ptomaines prepared by him, viz., choline, saprine (OgHigN,), putrescine (O^^HuNj), 
neundine (O^Hj^N,), and cadaverine, peculiar interest attaches to the last- 
named from its havmg been the first putrefaction alkaloid prepared by synthetic 
methods. The first to accomplish this was Ladenburg, who determined its 
formula as NHj.OHj — OH^ — OH^ — OH , — e ,pentamethylene diamme. 
Putrescine and cadaverine were detected by P. Obeemater and E, KIbret (I ) in 
ponsiderable quantities in the putrefaction of yeast Ohohne (OHj OH — OH, — 
N(0Hg)3.0H) may be separated from lecithm, which forms an important con- 
stituent of nerve and brain. By substituting hydroxyl for one of the hydrogen 
atoms of the central OH^ group, we obtain muscarme, OHg.OH — OH OH — 
(0Hg)3.0H^' which 0 SoHMiBDEBBRa and E EDlonaok: (I ) recognised as the 
powerful poison of red agaric (Amamia mu 8 cana\ and to which must be ascribed 
the intoxication resulting from the consumption of this fungus, or of the beverage 
prepared therefrom, by the natives of Eastern Siberia. According to L Brtbger 
(lY.) the same poison also results from the putrefaction of cholme and certain 
albuminoids, and it was also found in 1878 by Gautier in putrid fish. By 
separatmg a hydrogen atom from the central OH, group m choline and the 
hydroxyl adherent to the adjacent carbon, and combimng these hberated equi- 
valents to form water, we then have left behind neurine, OH, = OH — N (OH,), OH, 
a vinyl derivative which may also be formed m the putrefaction of nerve tissue 
and brom. Accordmg to the researches of P. jESBRicn and F Niemann (I.), 
choline undergoes this conversion under the action of Baxitm/mh coh coinmune 
HydrocoUidine, OgHigN, is regtdavly produced durmg the putrefaction of the 
fiesh of horses and cattle, and is generally accompanied by the nearest homo- 
logue of collidine, viz., parvoline, OgH^jN. A more detailed characterisation of 
these ptomaines must be omitted here, but the reader desirmg mstruction in this 
particular will be able to obtain it from the concise monograph by F. Jacqtjemart 
(I.) Not every ptomaine is poisonous, — cadavenne, putrescine, and sapnne 
being devoid of this property. 

The composition of tyrotoxicon, or cheese-poison, which was first discovered 
by Y. Yaughan ( 1 .), is still unknown, but from its chemical behaviour it appears 
to consist principally of a diazo body (diazobenzene ?) It is formed (under con- 
ditions still uninvestigated) in stored cheese by the action of bacteria, and when 
eaten in such cheese produces symptoms of violent poisoning. A case of this 
kind, m which fifty persons were simultaneously attacked, is recorded by Son. 
Wallaob (I ) The same poison is also occasionally formed m milk Thus, 
Yaughan (II.) reported an instance of eighteen persons being rendered ill by 
eating vanilla ice, from which substance ^chiefly composed of milk) crystals of 
tyrotoxicon were obtained L. Dokkum (I.) extracted from a cheese recognised 
as dangerous to health a ptomame-like substance which he termed tyrotoim, 
but which IS not identical with tyrotoxicon. In America such cases of cheese- 
poisoning are more frequent than m Europe, Yaughan having enumerated 
three hundred within two years. 

It is not essentially necessary that the food should contain ready-formed 
ptomaines for symptoms of poisoning to appear. On the contrary, the ptomaines 
may be formed in the body itself if the food contain bacteria capable of pro- 
ducing them, and provided that the composition of the substances present in 
the intestines is favourable at the moment. In such event the poisons are 
called leucomaines, and most of the cases of so-called meat-poisoning are due 
to this cause. Thus A GArtnee (I ) reported a case wherein he succeeded m 
identifying a fission fungus, Bactllm ent 6 rit%dt 8 , as the cause of the poison, and 
the same microbe was discovered by J EIarlinski (II.) m a case of meat- 
poisoning in Herzegovina, where sun-dned meat (“ such^ mieso”) is an ordinary 
article of trade, anA is frequently eaten raw by the natives. Many of the cases 



234 THE PHENOMENA OF PUTBEFACTION 

of so-called fish-poisouing, i.e. illness produced by eating fish, also belong to this 
category. On the other hand, these ill effects may also be brought about by 
ptomaines produced during the storage of this (readily decomposable) food-stuff, a 
remark which applies equally to the so-called sausage-poisoning. Researches on 
this point have been conducted by H. Maas (I.) The poisonous decomposition 
products developed by the activity of fission fungi in eggs, and also cases of 
poisoning ensuing from the consumption of eggs so spoiled, have been investigated 
by Glabmachbr (I.), Bonhoff (II ), and QaiaoniEW (I ). 

§ 172.— The Mbuminous Poisons. 

To attribute the poisonous effects of bactena, in all cases, to the formation 
of products of the ptomaine group would be incorrect As a matter of fact, 
the injury is frequently caused, not by these alkaloids at all, but by certain true 
albuminoids, which, on account of their decomposing power, have been named 
active albumen. We have to thank Christmas and Hankin (I.) for the first 
proof of this fact, though Pfl^iger was cognisant of it as long ago as 1875 We 
have already stated in § 82^hat certain pathogenic fission fungi will develop on 
nutrient media destitute of^lbumen and there elaborate poisons synthetically. 

The fundamental differences between active albuminoids and ptomaines are 
not confined to their production and composition, but extend also to their mode 
of action the former behaving like enzymes, and acting as a result of the 
lability of their atoms, so that a small quantity of the active substance is able to 
induce decomposition in a comparatively enormous mass of decomposable mate- 
rial. On the other hand, the poisonous effects of the ptomaines depends on the 
quEintity coming into play, and increases therewith As in the case of the 
enzymes, the active albumen is completely deprived of its powers by moist heat 
(100° 0.), by which it is converted into non-poisonous passive albumen ; whereas 
the ptomaines remain undecomposed and undebilitated by the same treatment. 
This fact is also of importance to the food-stuff chemist, since it will restrain him 
from certifying a sample of suspected meat to be innocuous merely because a 
negative result has been obtamed with the current alkaloid reactions. 

Many cases of meat poisoning are probably due to the presence and action 
of active albumen A fuller insight into this matter must first, however, be 
gained by investigation. Thus we find it recorded by M. Arustamoff (I ) that 
in the Lower Volga district the opinion prevails that only the consumption of 
uncooked fish (salted sturgeon and salmon) is harmful In view of the remarks 
already made on the influence of heat on active albumen this observation becomes 
intelhgible. The danger resulting from the presence of living bacteria in in- 
completely sterihsed milk, and their developing m the intestines of the nursing 
infant (see § 125), is probably in many cases due to active albumen formed by 
the orgamsms. The author puts this interpretation on the results of the 
experiments made by A. LtJBBERT (I.) on this point. 

As was first estabhshed by Mitohill and Reichert (I ) in 1886, it is to the 
presence of such active albumen that the effects of snake-poison ore due. More- 
over, albuminous poisons are found in the normal blood of different animals, a 
circumstance first estabhshed by A, Mosso (I ) lu the cose of Murc&}vidcB^ to which 
family the common eel belongs. A list of ^hes naturally contaimng poison has 
been drawn up by J. Pohl (I.) Poisonous albuminoids are like-wise found m 
various plants, e g, abrin in the seeds of the paternoster pea (seeds of the wild 
liquorice, Ahrus p^ecatorius), ricin in the seeds of Ricinvs ccmimunie, and many 
others. 

The reaction between the animal body and bactena is reciprocal. Ju^ as 
the latter are able to excrete noxious metabohc products, th0» effect of whicn on 
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the infected animal body is manifested as disease, bo also the former can elaborate 
substances having a poisonous effect on the parasitic micro-organisms. The 
normal and continuous presence of such protective albummoids, or alesines, as 
they are called, in the blood, is the cause of the natural immunity enjoyed by 
certain animals against certain pathogenic species .of bacteria A closer con- 
sideration of this matter would, however, be beyond the scope of the present 
work, though it must be referred to, as throwing new light on the connection 
between Bacteriology and Physiological Chemistry. Full information on the 
subject of protective inoculation and serum therapeutics can be gathered from 
the concise text-book prepared by Hubppe (TI.), which at the same time pro- 
vides an introduction to the study of Pathological Mycology. On this latter 
subject P. Baumgabtbn (I.) has written a reliable handbook which is hereby 
recommended to food-stuff chemists and agriculturists. 

§ 173. — The Liberation of Nitrogen, and De-nitriflcation. 

The interest with which the farmer regards, the decomposition of nitro- 
genous substances, both in the manure heap and in the soil, always proceeds from 
the same desire ; to know what becomes of the mtrogen, and whether it is 
retained in the soil. 

The alterations suffered by nitrogenous manurial constituents derived from 
urine will be described in chapters xxxii and xxxvi , and at -present we are 
concerned merely with the putrefaction of the albummoids, tfcc., evacuated in the 
faeces. 

In the first place, it must be remarked that the loss of nitrogen may occur, 
not only as a result of its hberation in a free gaseous state, but also in conse- 
quence of the volatihsation of ammonia produced by the action of micro- 
organisms on' the albuminoid matter of the manure. We are indebted to 
B. Mabohal (I.) for proving that the faculty of ehminatmg ammonia from 
albummoids is common to a great many fungi (both Schizomycetes and Bumycetes), 
occurnug in large numbers in the soil, and quite distinct from the Schizomycetes 
effectmg the conversion of urea Among the fungi (widely distributed and 
frequently discovered in the soil) examined and recognised by Marohaxi (II ) as 
powerful ammonia-producers, may be mentioned m the Schizomycetes group — 
BadiVbm mycoides, Flugge; B. fluorescem Uqmfom&iis, FI., B. fluoresc&iis pibtidus, 
FI., B* mhtilis, B aihorescens, B, mesentericus vulgaiits^ FI. , B. mesentemcus 
ruher^ FI, , B janthinus^ Zopf , Proteus vulgarus^ H , Bacterium coh commime^ 
Saroina lutea^ Mwrococcus rosms^ FI , M, JlavuSt FI , M candicans, FI ., &c , 
and in ^he Bumycetes group — Asy&i'gillus temcola^ Pemcillium glaucvm, P, 
dadosporioides, Mucormucedo, M, racemosusy Botrytis cinereay B, vvlga/i'iSy Oephalo- 
thedvm ros&um, and othei'S The potency of the different species varies, the 
largest quantity of ammonia (0.8 gram per htre of nutrient solution) being 
produced by BaaiUus mycoides. This last-named fission fungus, which was 
minutely examined by M^chal, decomposes both albumen, leuane, and tyrosine, 
but does not attack urea. The losses occasioned by the volatilisation of ammonia 
produced in this manner may be very considerable, but will not be further 
considered here. We will now turn to the hberation of uncombined mtrogen 

The first researches on this point were undertaken by Jules Rbiset (I.) in 
1854 and 1855, aasei’ted that free nitrogen is always evolved dmung the 
putrefaction of manure, whilst G. H'&pnbe (I ) arrived at the contrary opmion, 
being unable to discover any liberation of free nitrogen when atmospheric air 
or pure oxygen was led through the putrefying substances. The same result 
was obtained by Alexanber Ehrenberg (I.), O. KjaLLNER and T. Yoshii (I ), and 
Br.^aoke (I ) ; and this view was also held by H. Immendorpp (II.) m 1893 
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Although these discoveries may justify the conclusion that no free nitrogen 

15 disengaged during the putrefaction of albuminoids, it must not, however, be 
assumed that the same also applies to the decomposition of manures in general 
under natural conditions; since, under these circumstances, very considerable 
quantities of this element can be hberated and become lost to the soil. This 
result is, however, due to the reduction of mtric saJts, and not to the putrefaction 
of albuminoids. 

This de-nitnflcation in arable soil was first noticed by GoppelsrOdeb (I.) in 
1862, and was long regarded as a purely chemical process The first reference 
to the agency of b^teria in this decomposition was made by E. Mbusel (I.) in 
1875, and the earbest pure cultures of such organisms were obtamed by 
TJ. Gaton and G. Dtjpbtit (II.) in 1882. In succeeding years a large number 
of species, all capable of reducing nitrates, was made known; e.g, by W. 
Heraetts (I.) m 1886. Two years later P. FbaitkIiAND (II.) was able to 
associate with the group in question 17 out of 32 species, and B Waeington (I.) 

16 out of 25 species ezamined, among them being BaciUus ramoms, the so-called 
** ‘Wurzel-bacilius.” All these reduce mtrates into nitrites, but these two 
chemists do not say whether the latter substances m turn may be still further 
reduced by the bacteria. For this reason we must revert to the labours of 
Gayon and Dupetit (HI.), who made pure cultures of two bacterial species, 
named JBczcUlm deminficans a and /3, which exhibit a noteworthy difference m 
their behaviour towards niti’abes. Species a is the more energetic, decomposing 
as much nitrate as is presented to its action, and reducmg the same to nitric 
oxide and free nitrogen. The /3 species, on the other hand, forms nitrites, and 
ceases to act before the whole of the nitrate is destroyed, free nitrogen bemg the 
only gaseous fermentation product. Quite distinct from these two species is the 
BaciUus demtrificana, isolated from arable soil by E Giltat and J H. Abebson 
(I.), which reduces the nitrates to free mtrogen in an almost quantitative degree. 
When grown on nutrient gelatin the rods measure 0.5 m breadth and 1.5-3 
in length, but in liquids they assume a somewhat more elongated form. Closely 
allied to these three species is the Bacilhis dmitrificcms II , discovered by E. 
Bubbi and A. Stutzbb (II.) on old straw, but differing from them in that it 
liberates as gas only some 80 per cent of the nitrogen in the decomposeji 
nitrates, the remainder bemg elaborated mto an organic compound (still 
umnvestigated), which is precipitated in large flakes. The same observation 
was made (though not with pure cultures) by E Bridal (I.) in 1892. Like the 
aforesaid three Schizomycetes^ BaaiUus d^itnjicans II is anaerobic, and decom- 
poses nitrates only when oxygen is excluded Another (sporogemc) de-nitnfying 
bacillus, isolated by J Sohibokikh (I.) from horse-dung, may also be 
mentioned 

The facultatively anaerobic Bact&i'ivm coh commune exhibits a peculiarity 
worthy of special consideration. When kept m a nutrient solution by itself and 
with exclusion of air, it reduces nitrates to the condition of nitrites ; but the 
decomposition proceeds in qmte a different manner when the organism is grown 
in symbiosis^ with a second species of bacterium, invariably found in horse-dung 
by both the above-named workers, and named Bacillus demiinjicans I, In such 
case, even when air is admitted, the nitrogen of the nitiate is sot at liberty, 
though neither species is able to produce the same effect by itself. Baoiefi'ium 
ooU commune can, however, be replaced by Bamllua iyphi ahdominalw. The 
potassinm or sodium present m the nitrates or nitrites is converted mto a 
hydroxide, which accumulates in the medium, and eventually arrests the vital 
activity of the bacteria in question. For this reason not more than 5 or 6 grama 
of saltpetre (potassium nitrate) can he fermented per htre The fact that ^ao- 
teriv/ni ooh commune in the absence of air (s ^r. m the intestuEss) converts mtrates 
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into the exceedingly poisonous nitrites is also of interest to Patholog 
Mycology, but we cannot further discuss the matter here. The important pc 
so far as we are now concerned, is, tliat the disengagement of free nitrogen f 
mtne salts can go on even in the presence of air. The de-nitnfication occun 
m stored manure and m arable soil appears to be a twofold process : 
anaerobic nitrate destroyers acting in the lower strata away from the air, wh 
the symbiotic activity of the BcbotaA'vum ooU oommime (so plentiful in ani 
excreta) and the BaciUus demtr^ans 7 . comes into play at the surface, Ei 
this it is evident that the theory which assumes the possibility of preventing 
destruction of nitrates by thoroughly loosening, and consequently aerating 
soil, is of little value. — The bacteria in question are (for some unexplaii 
reason) present in enormous numbers in the excrement of various anim 
First m this respect is horse-dung, which has always been regarded by pract: 
men as a hot manure, a property which is explained by the foregoing obser 
tions Consequently such manure should not be applied, especially when fre 
to soil that has recently received a dressmg of mtrate of soda, otherwisi 
serious loss of mtrogen will result This injurious action is, however, not limi 
merely to such fields as have been artificially manured with nitrate, since (as 
shall see in chapter xxxvi ) the ammonia salts in the soil are, under favoura 
conditions, oxidised into nitrates by the activity of a special group of bactei 
such nitrates then foiming a welcome food for the organisms dealt with in i 
present paragraph That it is a question of more than insignificant quantit 
will be evident from the discovery reported by Paul Wagner (I ) — a discove 
which led to the aforesaid researches of Burri and Stutzer — viz,, that out of i 
parts by weight of nitrogen applied in the form of stall- manure to the soil, oi 
25 parts are, on an average, recovered in the crop, whilst the remain mg 75 paj 
are entirely lost. These. figures do not fully represent the extent of the h 
occasioned in the soil and manures by the activity of the de-nitrifying bacter 
and there still remains another phenomenon for consideration. We must rec 
that the fission fungus known as Bacillus d&nitnfiomis (and probably also a numl 
of allied species not hitherto investigated) separates nitnc oxide as well as niti 
gen from nitrates. This oxide then escapes into the outer layers of the manu 
heap or soil, where it is brought into contact with oxygen, and combines thei 
with to form nitrogen trioxide — 

2 NO + 0 = NgOg 

This latter then reacts on the ammonia and ammonia derivatives (urea, &( 
in the soil, in such a manner as to liberate both the nitrogen of the trioxide ai 
that of the ammonia as well — 


NgOg + 2NH3 = 2Na + 3HaO. 

Consequently the nitrogen compounds insusceptible to the direct action of tl 
microbes m question are also included in the wasteful reaction set up. It w. 
on this account that the production of ammonia durmg the decomposition 
manure was casually referred to at the commencement of this paragraph. Tl 
present is a fittmg opportunity for referring to the statements of several worke 
— e g. H B. Gibson (I.) — who, like Reiset, thought they had observed a liberj 
tion of nitrogen in their researches on putrefaction. Their results were a 
obtained by the use of complex bacterial mixtures, and therefore cannot I 
considered as rehable. In this case, also, those experiments alone are decisive i 
which pure cultures have been employed. 

By the activity of these bacteria an enormous quantity of combined nitrog€ 
is dailjr set at hberty^n the soil. To replace this loss, and to restore the coi 
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tmuity of the mti ogen cycle, is the task of a separate group of bacteria, which 
will be dealt with in chapter xxxni. 

The redaction of nitric acid by bacteria does not always stop short at the 
liberatiorL of free nitrogen, but in many instances extends to the formation of 
ammonia. S^everal investigations on this pomt were made by 0 Loew (HI.), 
but, unfortunately, not with pure cultures He found that “ ordinary putre- 
factive bacteria,*^ grown m a solution of i per cent, of peptone, 0.2 per cent, of 
KNOg, and 0.2 per cent, of K^HPO^, cause the pota^ and carbon dioxide to 
combine, whereas the nitrogen of the nitric acid is converted into ammomum 
carbonate. When 0.2 per cent, of ethyl alcohol is also present (m anaerobic 
cultures) the acetate is formed instead of the carbonate. 

What has already been detailed will explain the so-called nitric fermentation 
of molasses The ceU sap of the sugar-beet contains a quantity — generally 
small, but occasionally larger — of nitrates, principally potassium nitrate. This 
IS not separated during the saturation process, but remains in the mass m un- 
diminished quantity, a portion crystalling out, and being then found in the raw 
sugar from the centrifugal machine, whilst the rest remains in the mother hquor, 
Le. the separated syrup. If this syrup is then boiled up for the manufacture of 
second product, and agam passed through the centrifugal machine, the proportion 
of nitrates m the mass will be still larger, — Pellet having found 1.9 per cent, of 
KNOg in one sample examined by him. At this stage the molasses bos a faintly 
alkahne reaction, and is rich in organic and inorganic nutrient substances of 
various kinds Hence it is no wonder if bacteria rapidly develop therem. 
Under special conditions the upper hand is gamed by such organisms as reduce 
potassium nitrate and eject its nitrogen in the form of NO, which compound, on 
coming m contact with aar, is oxidised into the dioxide NO,. The latter hangs 
as a dense red-brown vapour over the surface of the molasses, and the sugar- 
maker then says his molasses is m a state of nitric fermentation. This pheno- 
menon is of less frequent occurrence in the “reserves” in the sugar-factories 
than in the dilute molasses of the molasses distillenea. Certainly, the activity 
of these reducing bacteria can be arrested by souring, but this treatment liberates 
organic acids inimical to the yeast. Bearmg this in mmd, Ozeczetka proposed to 
remedy the evil by boiling the molasses directly the malady is observed. 
According to a report by Dubeunfaot (I ) in 1868, nitnc fermentation was first 
noticed by Tilloy at his distillery in Dijon, and was successfully suppressed by 
him by boilmg the molasses along with sulphuric acid An explanation (charac- 
teristic of the state of knowledge in the domam of Fermentation Physiology at 
that time) of the favourable influence of this treatment was made m the same 
year by J. Rbiset (II ), who stated that the NO or NO, formed durmg the so- 
called nitric fermentation proceeds from the oxidation of ammonia in the 
'molasses, this bemg attacked only when present in combination with a weak acid, 

/ whilst when in the form of sulphate it resists the action of oxygen , consequently 
the molasses treated in the manner adopted by Tilloy was exempt from this 
decomposition. This view was left uncontradicted by B^champ (III.), although 
' he had already ascribed de-mtrification to the agency of micro-organisms. A 
closer investigation (embodying modem methods of workmg) of this nitric 
fermentation of molasses is highly desirable. To be thoroughly satisfactory, 
such research must trace the course followed by the potassium mtrate m the 
juices of the sugar- works, and more naiTOwly exammethe quantitative dependence 
of the nitrate in molasses on the method of preparation employed, very httle 
bemg as yet known on these points 

The nitric decomposition in question is also of frequent occurrence in the 
fermentation of tobacco in heaps. SohlOsing (III.) reported m 1868 on the 
first observation of this phenomenon by Ch. Kay. ^ r' 
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§ 174. — The Loss of Colour (Umsehlagen, Brechen) in Wine 

was first examined chemically by G. (II ) in 1855. Of this complaint 

which IS known in France as mn and in Italy as vino giratOf he gives th* 

following explanation . — “ This alteration of wine consists in a decompositioi 
of the tartaric acid, but how this decomposition is induced is unknown Thi 
cream of tartar is converted into potassium carbonate, whereby the colour of re( 
wine IS altered and becomes brown The decomposition begins at the bottom o 
the cask, and is hence undoubtedly a result of the decomposition of the organic 
matter of wine-yeast, which contains a substance acting destructively on th< 
tartaric acid, and, in co-operation with air, oxidismg it to carbon dioxide anc 
water. As the malady progresses, the alcohol is converted into acetic acid, an( 
a putrefactive fennentatiozi ensues.” The commencement of this malady, whicl 
appears inore frequently in red wines than in white ones, manifests itself by i 
shght evolution of carbon dioxide, which preliminary symptom is known 11 
practice as “ boiling away ” {veraiedm). Tartaric acid is not the only subetanct 
eliminated, glycerm also — according to the researches of P. Oaeles (I ) — bein^ 
slowly decomposed. Simultaneously, the amount of volatile acids increases to ai 
unusual extent (up to 4 grams per litre), a fact observed by Sohultz (I.), anc 
afterwards confirmed by J. Maoagno (I ). 

Ten years after Mulder's observations, Pasteub (XII.) undertook the task o 
discovering the cause of vthis malady and proving that here also the activity of £ 
still unknown micro-organism was in question. He showed that in wine; 
affected with this complaint bacteria are always detectable in large numbers 
their length being 3-5 jj., with a breadth of 1-15 fi Greater probability woi 
imparted to this assumption by the observation made by Schultz (I.), who, ii 
1877, succeeded in artificially impai’tmg the malady to sound wme by moculatin^ 
it with a small portion of a wine ^ready infected. A closer study of th< 
organism could not at that time be made, owing to the lack of methods of pur< 
culture, a defect that, in this connection, was first overcome by E Kramer (I 
with the organisms from a number of samples tf Styrian and Croatian winei 
affected with loss of colour. This malady, as is well known, is exceedingh 
prevalent in southern countries, and causes great loss to the agricultural interes 
every year. Kramer examined nine various species, all aerobic and liquefying 
gelatm. The first seven of them he named BaciUus saprogenea wm I.-VII., anc 
the other two Micrococciis saprogenes vini L and II, Details and Gxperimenti 
to prove whether these species are capable of producing loss of colour in sounc 
wines are still wanting, and consequently the Schizomycetes in question possess £ 
merely morphological interest The actively motile Bacilhia sap'ogenes mm I, 
which IS found in nearly every sample examined, is probably identical witl 
Pasteur's “ Baoillm du vin iournel It attains a breadth of i and a length o 
2 5-6 fj , , and bands composed of two or three cells are not rare. Bacillus sapr 
V, III and YI form endospores, and the cells of Micrococcus saprogenes vim II 
have a diameter of i-r 4 /i. A pure culture of a bacillus, which, however, wa 
recognised as innocuous, was obtained, from Italian wine suffering from loss o 
colour, by J. Galbazzi (I.) in 1894. 

These remarks sum up all that has hitherto been discovered by fermentatio] 
physiologists respecting the loss of colour in wines. Consequently, knowledge o 
the subject is still only in a very early stage, and we can only hope that futur 
researches will succeed in affording us further enlightenment. This wine maJad 
18 so diversified in its mode of development and so changeable in its course, tha 
we are obliged to ascribe A to a very fine example of metabiosis, i e that a singl 
bacterial species is msufficent to occasion the complaint, the successive action c 
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a number of species bemg essential. Tn fact, the number of decomposable ^ 
constituents m unaltered sound wine is so great as to preclude the possibihty of 
a single species efiectmg all the changes involved. Consequently, investigations 
on this point will need to be carried out to a somewhat comprehensive scale. 
Several purely chemical researches into the changes produced were made by 

J. KOnig, and abstracts of them are given in Babo and Maoh’s (I.) “ Handbuch 
des Wembaues” (Handbook of Yitioulture). Similar researches should now be 
made with pure cultures of bacteria isolated from wines that have lost their 
colour, and such researches should also mclude the examination of the changes 
produced by the different species of these organisms, m each of the most 
important constituents of wine. 

This malady is also known as the putrefactive fermentation or decaymg ** 
of wine, from the final condition attained by the liquid. Wmes rich in albumen, 
e,g. even the Hungarian red wines, according to M. Puhtss (I ), are found to 
have a special tendency to loss of colour. In order to understand why southern 
wines are so prone to this malady, it is necessary to recall the fact — already 
mentioned in previous chapters, and first quantitatively investigated by 

K, SiBBEU (I.) — that putrefaction does not ensue in strongly acid hqmds, 
whereas these wines are poor %n atnd . Ponseoa and Ohiaromontb (I ) re- 
commended the addition of citric acid to increase their power of resisting the 
complaint. The destruction of the acids of wmp must therefore precede its final 
putrefactive fermentation; hence the primary object of research must be the 
discovery of the changes produced in these acids. Here, again, everything still 
remains to be done, since all the information at present available is denved 
almost exclusively from experiments in which pure cultures were not employed, 

Accordmg to the discoveries of Pasteur (IX.) and A. Pitz (IY.), tartaric 
acid (in the form of its calcium salt) can be decomposed by bacterial agency in 
three ways ; viz., either into propionic acid (along with a little acetic acid) , to 
butyric acid ; or, finally, to acetic acid, small quantities of ethyl alcohol, succmic 
acid, and butyric acid bemg also produced. Malic acid also may yield very 
different fermentation products, among which Bj^ohamp (IY ) mentions acetic 
acid, propionic acid, butyric acid, carbon dioxide, and hydrogen* According to 
the researches of A. Pitz (IY.), malic acid (combined with lime) may be split up 
by different species of ferments m three different ways. In the first case, 
succinic acid, acetic acid, and carbon dioxide are formed, the relative proportions 
being approximately represented by the equation 

3COOH— GHg— OH OH— UOOH = 2COOH— OHsr-OHa— COOH + 

CHa— COOH + zOOa + HgO 

In a second case, propionic acid, acetic acid, and carbon dioxide may be found ; 
or, thirdly, butync acid may be the chief product, along with a small quantity of 
carbon dioxide With regard to succinic acid, B^ohamp (Y.) asserts that this 
also may be split up (by a bacterial mixture not more precisely specified) mto 
propionic acid and carbon dioxide, the followmg equation — 

OOOH— CHa— OHa— GOOH = CH^OHa— OOOH + COg. 

approximately expressing the reaction. The succeeding homologue of this acid, 
viz,, pyrotartaric acid, breaks up, under similar conditions, mto caxbon dioxide 
and methane, accordmg to the equation — 

2COOH*— OHgp^OH.OHj— COOH 2HaO — 

According to the researches of Pitz, citric aad is converted, by an unspecified 
bacterial mixture, into acetic acid and small quantities of ethyl alcohorand 
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succinic acid. A senes of experiments on the behaviour of fifty-two specie 
bacteria towards twenty-one different organic acids was performed by 
Maassen (I.), principally on medical grounds. One result of this research ’ 
the discovery of a new characteristic — valuable in the bacteriological analysif 
water — for the differentiation of BogiUus typTd ahdoTrmialia from Bacterium ■ 
oomTmme — ^viz., tricarhallyho aoid^ OOOH — OHj, — OH.OOOH — OH, — OOC 
which is attacked and partly destroyed by the first-named orgamsm, but is J 
altogether untouched by the second. 

More minute investigations into the fermentation of the above-named orga 
acids would be of v^lue, not only in solving the preliminary questions mvolved 
the study of loss of colour in wine, but also in connection with the decrease 
the acidity of wines and fruit wines during storage, a phenomenon well kno 
in practice and one quantitatively examined by Paul Bbhebnd (I.) and 
P. Kulisoh (I.). This decrease — so long as it remains within narrow limite 
is looked upon with favour, as contributing to the rounding and improvement 
the flavour of the maturing wine. If, however, it proceeds too far and t 
acidity falls too low, then a proportionate decrease in the power of the bevere 
to withstand disease (especi^y loss of colour) ensues. This fermentation of \ 
acids is, as already stated, principally effected by fission fungi, on which pom 
few particulars have been given by MtrLLBE-THunaAU (V.). To a small exte 
these acids are consumed by the yeast in the primary fermentation, so that t 
quantity present in the young wine is less than in the must. Consequently, 
the total acidity in the former is found greater than that of the fresh grape-ju. 
and fruit-must, the excess is due to the carbon 10 acid held in solution. 

Grapes from vines infested with mildew, whereby both development a 
sugar formation are retarded, yield wine poor in alcohol and consequently of 1( 
resisting power. Such wine frequently becomes diseased, and is then known 
France as v%n Here again l^terial agency is at work, the rod-shap 

organisms forming many- jointed chains and reproducing so abundantly, th 
they finally accumulate as a thick sediment. U. Gaton (II.) regards this mala 
as identical with that cauang the loss of colour, because he identified in m 
mildiom^ the same volatile acids (acetic and propionic acids) as have be 
discovered by others, e y. E Duolaux (XII ), in mm toum^s. 

The mannitic fermentation of wine, which presents a certain oppositeness 
character to the malady known as loss of colour, will be described now, becau 
otherwise no suitable occasion would arise. This complaint does not wait 
attack the finished wine, but even makes its appearance at the stage of prima 
fermentation. If the surrounding temperature keeps above 30° 0., thi 
alcoholic fermentation is confined within narrow hmits, and an opportunity 
thus afforded for the development of certain species of bacteria which conv€ 
the sugar of the must into mannite. Of this hexatomic alcohol there will 
produced, according to circumstances, from i to 30 grams per litre of wine, 
addition to a little acetic acid. A knowledge of this fact is useful to the analytic 
chemist as well. Attention was first drawn to the mannite content, of Algem 


wines in particular, by P. Oarlbs (II.) in 1891. Figs, as is well known, ve 
often oontam considerable quantities of this alcohol ; hence Oarles thought th 
the presence of mannite in any wine indicated adulteration by fig-wme. Ho’ 
ever, as repoi’ted by J. Beheens (IV.), the presence of mannite in reliably pu 
natural wines (s g, Bordeaux, Oh^teau-Yqudm) had been proved a year previous 
by Portea and Lafaurlc ; and very soon afterwards Ji^gon" (I ) showed that 
wines of reliable purity, but imperfectly fermented, as much as eight grams 
mannite could be found per litre. L, Boos (I.) then proved that this result w 
due to bacterial activity, a discovery confirmed by U. Gayon* and E Dubourg (3 
who isolated from ^ch wine a pure culture of a non-motile short-rod fissi 
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fungus, capable of converting sugar into man nit e (up to 50 grams per litre). 
In nutrient solutions devoid of sugar this species fails to develop, a cii’cumstance 
sufficient to distinguish it from the bacteria (presumably) causmg the loss of 
colour of wine. Moreover, these latter — as already observed by Mulder — attack 
cream of tartar first of all, whilst the bacteria of mannitic fermentation leave 
this salt completely untouched. The fact, now firmly established, that a high 
temperature (^6® 0 or over) favours the appearance of the last-named microbes, 
explains the defective fermentation (familiar to Sicilian and Algerian wine- 
growers) of wine must durmg the pie valence of the hot south wine (sirocco or 
simoom), the red wines, in particular, being greatly affected According to G. 
Basile (I ), this wine disease is as frequent in Simly as it is dreaded, £ind in some 
yesirs affects the greater part of the vintage. 

The bacteria here coming into action can be destroyed by heatmg up to 60° 0 , 
a treatment impossible to apply hitherto on account of its fatal effect on yeast- 
cells However, by artificially inoculating (pitching) with strong, pure yeast, and 
by coolmg the mash down to i5°-20° 0., the liquid could be rapidly brought into a 
state of alcohohc fermentation, which could be conti oiled by suitably regulating the 
temperature. In this way the desired result would be ensured, and would amply 
repay the increased outlay required. In this connection the experience gamed by 
M, Bietsoh and M. Heeselin (I ) should also be boine m mind, vnz , that the 
injurious influence of an excessively high temperature (36” 0 ) can be reduced by 
aerating the fermenting hqmd. 

In conclusion, it will be useful to remember that manmte is also formed 
during the mucinous fermentation of sugar, and that this hexavalent alcohol is 
also excreted os a metabolic product by certain JSwtiyceteSy e.g. Pmwilh/im 
gloMmm, 



CHAPTER XXXI. 


THE FERMENTATION OF CHEESE, AND ALLIED DECOMPOSITIONS. 

§ 175. — The Composition of Ripe Cheese. 

The conversion of the fresh curd into finished cheese is termed ripening. We 
will, in the first place, consider this process from the purely chemical side. It 
was explained in § 144 that fresh curd can be obtained from milk in two 
different ways, either by precipitating with acids or by setting with rennet. In 
both cases nitrogenous compounds are present m the coogulum, only m the acid 
curd (“Quai’k") they consist of casern, and in the rennet curd (“Bruch”) of 
paracasein. The cheeses obtained from the acid coagulum are, with the solo 
exception of “Glarner Schabziger,” of inferior quality, and only suitable for 
early consumption. These have hitherto received but httle attention from 
fermentation physiologists ; consequently the following particulars are restricted 
to cheeses obtained from rennet coagulum, which to emphasise the pomt once 
more— contain only one nitrogenous compound, namely, paracasein. 

In contrast to this uniformity stands fixe variety of the nitrogenous compounds 
present in ripe cheese. The first observation on this point was made in 1818 by 
J. L. Peotjst (I.), who isolated leucine from ripe cheese. Some sixty years later 
(1880) N. SiEBBR (II.) detected the presence of tyrosine in Roquefort cheese, 
Nevertlieleas, these discoveries, as also those of two French workers who will be 
mentioned later, were of a casual nature, the first thorough attempt to follow the 
ripening process in a quantitatively analytical manner being made m 1882 by 
A Weidmann (I.), whose results, especially as regards the qualitative composition 
of the cheese, were admirably supplemented by a later (1888) research under- 
taken by B. Rose and E. Sohulzh (I) These investigations were made in 
Switzerland on Enunenthal cheese, in which the above-named chemists discovered 
a considerable amount of leucine. On the other hand, comparatively httle tyrosine 
was found, and other amido-compounds, as well as bodies of the xanthine group, 
were altogether lacking. The presence of ammonia, however, was readily proved, 
different samples being found to contain from 0.16-0 44 per cent., calculated to the 
dry weight The amount of nitrogen found in the form of ammonia, amido-aoids, 
and other compounds distinct from albumen and peptone, m three kinds of this 
cheese, ranged between 1.22 and 1.48 per cent. , z.e. about one-fifth of the total 
quantity of this element present. Among the albuminoid constituents special 
mention must be made of caseo-glutin, a body allied to the peptones, and one that 
must be considered os among the chief products of the npemng process, since it 
constitutes 20 per cent , and even more, of the total dry matter. In addition, 
there was found (along with a small quantity of peptones) another albuminoid 
body, recognised as paracasein To the list of the constituents of npe Emmenthal 
cheese still another unit phenylomidopropionic acid, was added m 1887 by the 
labours of F. Benegke and E Schulze (I ) 

Several other kinds of cheese were included in the scope of these investigations. 
In harmony with the similarity existing between the methods employed in their 
prepar^ion the qualitative composition of Spalen cheese was found to resemble 
that of the Emmenthal^roduct. Peptone was also detected in Gruy^re, Vacherii}^ 
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and Bellalay dieese, as also in Sclialszig cheese; the latter, howevei^ differs from the 

other kinds just named by not contauung any ponderable quantity of caseo-glutin. 

The csomparative examination of the constitution of hard and soft cheeses was 
undertaken by Bondztnski (I.) 

If oheese be allowed to become over-ripe, then the percentage of albuminoids 
falls off’ still more. Thus, A. MAaoiOEA (II ) found in a sample of over-ripe 
Stracchino (Gorgonzola) cheese only one-seventh of the initial nitrogen in the form 
of protein, the remaining six-sevenths being m the form of amido- and ammonia- 
compounds. 

We will now briefly consider the amount of fatty-matter in cheese. When 
whole-milk is set for cheese, the whole of the fat passes into the coagulum, which 
then contains almost as much fatty matter as albuminoids, the former constitu- 
ting about 45 per cent, of the total dry matter of the curd. So far as the 
observations hitherto made extend, it would appear that the fat suffers no great 
alteration, whether of quality or quantity, during the ripenmg process. Bacterio- 
logically exact investigations are, however, still wanting Reference has already 
been made in § 120 to the influence exerted on the fat by light and air, and this 
influence also makes itself felt during the ripening of the cheese. The saponiflca- 
tion of the glycerides mentioned in the said paragraph occurs in cheese to a still 
greater extent than in butter. The course of this operation has been traced by 
fj. Duolaux (VI), who found that, in one mstance, about one-third of the 
glycerin butyrate originally present was broken up into its two components. 

The conversion of albumen into fat, the development of which question has 
been reviewed by S. Soskin (I ) in a prize essay, is not only of the greatest 
importance in the study of chemical alterations in the animal body, but also 
comes under consideration in the ripening of cheese. Blondeau (I.), m 1864, 
was the first to remark, in his researchs on Roquefort cheese, that m this process 
fat was produced at the expense of albumen. The same has also lately iheen 
asserted by BE. Jaoobsthal (I ), but was domed by the majority of subsequent 
workers, e g, inter alia, Brassier (I.) m 1865, N Sieber (II ) and 0 Kellner (I.) 
in 1880. NiGBLi and O Lobw (I ), however, proved beyond doubt, in the case of 
certain JEumycetes, that lower fungi are able to convert albumen mto fat. The 
above-cited researches of Weidmann show that no remarkable quantitative inoreobse 
of fat occurs in the ripenmg of cheese, but this does not disprove the possibility 
of the formation of fat from albumen during the process. On the other hand, 
G. Musso and A. Menozzi, on the basis of their researches on Stracchino cheese, 
believe that stich a formation of fat must be assumed to occur. 

The probability of such a conversion of albumen into fat cannot he rejected if 
we recall another process — very different, it is true, from an cBsthetic standpoint, 
but, nevertheless, very similar from a chemical and bacteriological point of view 
— namely, the formation of adipocere Fatty concretions, which in many cases can 
only have ongmated ur albummoids (muscular substance, &c,), are frequently 
found in bodies which have undergone decomposition in the grave This question, 
which chiefly concerns the medical profession, we need not dwell upon. Various 
proofs will be found in a treatise on this subject by Ermann (I.). 

§ 176.— E. Duclaux’ Studies on Cantal Cheese. 

As ripsnemng progresses, the amount of the aforesaid amido-compoundt 
contmually increases, whilst the paracasem concurrently decreases. This trans- 
formation may be due to two causes: one entirely chemical, the other physiological 

The earliest worker who beheved thenpenmg of cheese to be due to microbia 
activity was Peru. Oohn (II.), who, in 1875 — researches by w^hich hi 
controverted the hypotheses of Balkan on spontaneous generation — arrived a 
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the following conclusion . — “ The ripening of cheese I hold to be a true fermen 
tation.” This fermentation he ascribed to the organisms (‘‘lab-bacilli'') presepl 
in the rennet liquid, and which he associated with the bactena then groupec 
under the name BadUus mht'd'is^ a general term not to be confounded with that 
at present applied to an entirely distinct species. Oohn’s decision was based 
exclusively on the microscopical examination of rennet and cheese ; and the same 
applies also to the statements of P. Beneokb (I ) 

It was not until 1878, however, that attempts were made to obtain pure cultures 
of the presumptive cause of the ripening of cheese, and to test the influence of 
the organism. This was effected by E. Duolaux (VII, and XIII ) in his studies on 
Oantal cheese, from which he isolated ten species of Schizomycetea and classified 
these under the common generic name of Tyrothrix belonging to the large sub- 
group of the so-called hay and potato bacilli. Out of these ten species, one, 
T, mrgula, being unable to grow in milk, will be omitted from further considera- 
tion, Each of the remaining nine produces two classes of enzymes, one resembling 
lab and coagulating milk, whilst the other, casease (§ 147), dissolves and splits up 
the albumin thus precipitated. This proteolytic enzyme can be thrown down from 
the bacberial cultures by means of alcohol. A particularly abundant yield is 
obtained from Tyrothrix tenuis, an actively motile, spoijegemc rod about 0.6 
broad and 3 /z long, and often growing in the form of fiklments ; hence the name 
Tyrothrix (= cheese-thread, cheese-hair). This species is aerobic, as are also 
Tn fliforrms^ T. distortus, T. gmimlatus, T. tiurg%clAi 8 , and T scaler , whilst T. 
wocephoLum^ 1 \ damforrms, and T. catemda are, on the other hand, anaerobic 
Oultures of T'ljrothruc tenuis obtained from Duolaux' laboratory were investigated 
in 1895 WiNKliER (I.), who formed the opinion that this species can be 

modified, by cultivation, mto three varieties or races. This was, howevei', 
contradicted by J. Wittlin (I.) in 1896. 

The metabolic products, eg, leucme, tyrosine, and the ammonia salts of 
acetic, valeric, and carbonic acids yielded by the Tyrothrix species are the 
identical substances we have seen to be produced in the ripening of cheese. 
Ihis concordance necessarily strengthens Oohn's hypothesis, that the ripening of 
cheese is effected by the vital activity of micro-organisms. On this point, how ■ 
ever, Duclaux was unable to afford any certain proof. Later workers attempted 
to arrive by various ways at a solution of this highly important matter, and 
mostly by endeavouring to ascertain whether the ripening of cheese could be 
acoomphshed in the absence of any fermentative organisms. F. Sohafeer and 
St Bondzynski (I.) showed that curd prepared from boiled milk does not npen ; 
and, according to Freudenreigh (III.), the same applies equally to Pasteurised 
milk Moreover, L. Adametz (VI ) found that neither does ripening occur 
when bactericidal substances, such as thymol or creoline, are added to the fresh 
curd ; and the same result was attamed by L. Pammbl (I ) by the use of 
hydrogen peroxide 

§ 177.— Changes in the Bacterial Flora of Ripening Cheese. 

L. Adametz also attempted to ascertain the active cause of the ripenmg 
process in a new way, namely, by tracing the quantitative and qualitative 
alterations occuriing in the bacterial content of the ripening ciird These 
researches — made on a Sornthal (Switzexland) soft “household*' cheese, in 
addition to Emmenthol cheese — led to the following results* — 

(i) The freshly precipitated curd, moulded in the press and freed from 
excess of whey, contains between 90,000 and 140,000 bacteria per i gram, a 
comparatively large number of these being able to liquefy gelatm, and conse- 
quentty exciting a jeptic ferment. 
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(2) Durmg the period of ripening, the germ content gradually rose to 
850,000 m Emmenthal choese and up to 5,600,000 in the “household" cheese, 
but only a small sliare in this increase fell to the liquef active species , since 
whilst the quantitative ratio of these to the other (non-liquefactive) kmds was 
m the fresh curd i : 40, only one colony of liquefacfcive bacteria was found m 
150 to 180 in the gelatin plate cultures prepared from the ripe cheese 

The expectation of finding the liquefactive bacteria assume the upper hand 
during the ripening process was thus dispelled^ and the same result was attained 
m a later research published by E. voN Frbitdeneeioh (IV ) m 1894, according to 
whom the number of lactic acid bacteria m cheese increases with the age of the 
latter. EEence the chief, if not the sole, share in the ripening of Emmenthal 
cheese must be ascribed to these lactic ferments E. J. Lloyd (I ) also came to 
the same opinion in his researches on the ripening of Oheddax cheese. 

The reason why Duclaux, in his earlier investigations, arrived at a contrary 
result will be readily understood when it is remembered that he prepared his 
pure cultures exclusively by the dilution method, and therefore by the aid of 
liquid nutrient media (bouillon in particular) , since in this last-named liquid the 
organisms of the genus Tyroihnx, thrive exceedingly, whereas the lactic acid 
bacteria grow badly, if at all, therein. Consequently mixed sowings in this 
medium result in a preponderance of the hquefactive species described by 
Duclaux.^ From the discovery made by Freudenreioh and Schaffer (I ) that 
the ripening of hard Swiss cheese also goes on uniformly throughout the mass 
when air is excluded, it follows that the said lactic acid bacteria are (facultatively) 
anaerobic. 

The harmonious results of the researches of M. Lang and Fretjdenreioh (I.) 
with Swiss, and of B. Marohal (III ) with Belgian (Limburg), samples show 
that a prmcipal port in the ripening of soft cheese is taken by Oxdmmi lactw, 
further particulars of which member of the Eumycetes group will be found in the 
second volume. Various budding fungi also seem to aid in the process, but more 
detailed information on this point is absent According to the statements of 
JuL. BLehrioi (!•), Swiss cheeses are poor in yeast-like fungi and nch in bacteria ; 
but the converse ratio has been shown to exist in American cheeses. 

^ Odour is one of the chai^cteristics peculiar to individual kmds of cheese ; it 
is but Bhghtly developed in many, but is prominent in others. In isolated 
instances it is produced by the mechanical incorporation of added flavouring 
substances to the fresh cheese mass. This apphes, for instance, to the already 
mentioned Glamer Schabziger” or herb-cheese {KmuLer Kase), which owes its 
characteristic aroma to the addition of dried MeUoPus co&rulm (blue or Swiss 
melilot). The English “sage-cheese” and American “clover-cheese” may also 
be mentioned as examples. 

In many cases the odorous principle is, on the other hand, produced 
spontaneously in ripening, ®.e. by the activity of micro-organisms, of which 
notbmg is as yet difinitely known. L, Pammel (II.) discoveied on cabbage 
leaves b, BacULus aromaticus which, when inoculated into fresh curd, produces 
durmg the ripening process on aroma similar to that of “ clover-cheese.” 

§ 178.— Pure Culture Ferments. 

The results briefly recorded in the preceding paragraph must be regarded as 
first steps mspiring us to further progress towards the goal of all methods 
remtmg to the practical application of Fermentation Physiology, viz , the 
^tablishment of control over the progress of fermentation In the matter of 
cheese-mokmg the attainment of this desne is still remote, and Mycologists are 
not yet able to reconomend this or that porticulai' nncrobe '^ifch any^ssurauMe of 
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fluccesa. On the contrary, practice has also in this respect taken the lead hy 
employing in special cases such additions as, without being pure cultures (in a 
bacteriological sense), nevertheless contain a predominating proportion of the 
organism most suitable for the object in view. One of the two classes of cheese 
to which this apphes is the Roquefort, the other being Edam cheese. 

Any one examining for the first time the said French cheese (originally 
prepared in the village of Roquefort (Dep. Aveyron), from unskimmed sheep's 
milk) will notice the green growth of mould occupying all the cracks abundantly 
intersecting this brittle, sharp-flavoured mass. This filamentous fungus, whose 
presence is by no means a sign of unsound composition, has been shown to be 
the organism known as Pemoilhum glaiocum (described in voL n.), which settles 
in the fissured cheese mass and there consumes the acid which has been groduced 
by the lactic acid bactena and is retarding the development of the albumin- 
degrading organisms. The favourable influence of this thread fungus is so 
indubitably established by experience, that the practice is now common to sow it 
purposely in the fresh cheese mass. To this end bread is allowed to become 
covered with a luxunant growth of mould, and is then dried and ground, the 
resultmg powder (rich in mould spares) being then strewn between the separate 
layers of the sliced curd. In order to favour the development of this ahrobic 
assistant, some 6o to loo fine holes are pierced by a needle in each cylinder of 
lapening cheese. 

The coatings of mould appearing and tolerated in Gorgonzola, Brie, and 
Stilton cheese seem to have a similar action. In other cheeses, again, such as 
Emmenthal and Gouda cheese, the formation of a mould coatmg in the ripening 
cheese is prevented as far as possible, since it would unfavoui-ably influence their 
specific flavour For this purpose the surface of the cheese is repeatedly wiped 
over with salt water or strewn with dry salt. A comparison of the siurface of 
Gouda cheese with that of Bne cheese will show the remarkable difference 
between them 

In the above-mentioned instance a thread fimguB is employed, whereas in the 
case of Edam cheese a hacterw/m is mixed with the milk to be made into cheese. 
This is the Streptooocciia hollanicl/icios, whose acquaintance we have already made 
in § 163, as a microbe capable of making milk or whey ropy. It is employed by 
adding 2 per cent, by volume of ropy whey to the milk to be set for cheese 

§ 179.— Natto and Miso. 

The process of fermentation known as the ripening of cheese both improves 
the flavour and increases the digestibihty of the ^buminoids by degrading them 
into more readily assimilable products. On this account the ripening of cheese 
might be termed a preliminary digestion of the casein. 

Similar to fresh whole-milk curd in the nature and proportional ratio of its 
chief constituents is the Soja bean, % e, the seed which replaces a meat diet 
among the natives of Eastern Asia. This bean was first introduced into Europe 
at the Vienna Universal Exhibition in 1873? Q-iid shortly afterwards more 
minutely described by Fk. BLoEiiLAjmT (I ). It contains ^$—4^ cent of 
albuminoids and about 15 per cent, of fat; and, consequently, a dish of soja 
beans prepared in the ordinary manner forms a heavy, tough food-stuff How- 
ever, it can bo made more attractive to the palate, and better suitable to the 
stomach, by boiling the beans for five hours in salt water, then forming the mass 
into balls from 4 to 18 ounces in weight, packing these in straw, and leaving 
them in a warmed cellar for a few days. Under these conditions they undergo 
a fermentation which loosens the cellular tissue, and effects a partial conversion 
of lyie protein into amides, peptones, guamne, xanthine, and tyrosine. The 
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mass IS then sold (in JapanJ under the name of natto. The nature of the 
species of bacteria taking part m this fermentation has been studied by K. Tabe (I.) 
and 0. Loew (IV.)- 

In the preparation of the second kind of vegetable cheese, viz., SEiso, recourse 
is had to a substance known as Koji (described in vol. u.), which is added to the 
boiled bean pulp before allowing the latter to ferment. Full particulars 
respecting the production of this and several other Japanese articles of diet 
(e g Shojou prepared from soja beans) have been published by 0 Eellnee (II.) , 
and a few details of the last-named sauce, also highly appreciated m England 
under the name of soy or shoyn, have been furnished by A. Belohoubbk (I.). 
For the preparation of Tofu and Nukamiso reference should be made to two 
treatises by M. Inoutb (I. and II.) ; and H. 0 . Peinsbn-Gberligs (I.) has 
reported, inter alia^ on the preparation (by the aid of fungoid ferments) of other 
dishes from soja beans in Ohmese cookery, such as Taohu or bean-cheese, the 
sauce Tao-yu, <fco. 


§ 180,— The Normal Pitting of Cheese. 

The ripening process does not always progress satisfactorily, but very often 
results in a defective, or spoiled, inferior, or quite unsaleable product. Thus 
E. VON Feeudenbeioh (Y.) reports that about 40 per cent, of Emmenthal cheeses 
ripen imperfectly. The pecuniary loss accrumg to cheese-makers from this 
cause is estimated to amount, in Switzerland alone, to about a quarter of a 
million of francs (^10,000) per annum. 

The defects here m question are of various kinds. L. Adametz (III.), in 
his comprehensive monograph on the subject, enumerates the following — 
(i) Defects caused by the unfavourable constitution of the milk employed 
(2^ Inflation blown cheese^’). (3) Bitter cheese. (4) Discolorations. 
(5) Poisonous cheese. Of these, the first named is beyond the scope of the 
present work, the fourth has already been discussed in §§ 89, 95, and 98, and 
the fifth in § 171. More frequent, however, than any of these is the mdady 
known as inflation, puffiness, or “blown” cheese (Fr. houraouflement , Ger. 
BUtJmC)^ which will now be briefly mentioned. 

In addition to the constituents detailed in § 144, the curd from sweet milk 
contains a certain quantity of lactose. This is dissolved m the whey remaining 
in the coagulum, and which cannot entirely be removed by pressing Con- 
sequently, sugar is always present, and is decomposed in various ways by the 
organisms easting in the curd. Some of them, for example, form lactic acid , 
whilst others consume it and liberate an abundance of gas. This causes holes 
(bubbles or eyes) m the mass of the ripening cheese, and these holes manifest 
themselves as pittinga in the cut suface of the npe product Both the dimensions 
of these holes and the manner of their distribution throughout the mass are very 
characteristically developed m individual classes of cheese. In order to render 
this clear by examples, reference may be made to two main types, Enunenthal 
cheese on the one hand, and Edam (flieese on the other , the former exhibiting 
a few holes of large size, and the latter a greater number, bub of small dimensions. 
The appearance of small holes, regarded as indispensable in the said Dutch fatty 
cheese, is looked upon as a defect in the Swiss cheese, which, if it contains many 
holes of small size, is characterised as “ Nissler,” and considered as inferior. 
Still, the other extreme of immoderately large cavities is also undesirable. This 
last condition reveals itself, in the course of its development, by the bulging of 
the surface of the ripening cheese, which, m particularly bad cases, is even split 
open. This malady, known as inflation or pidBBbtiess, has already formed the 
subject of several investigations, as a result of which both the cause of* the 
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complaint and the means of preventing and combating it have been dis^ 
covered 

^ 181 .— The Cause of Puffy (** Blown ”) Cheese. 

The naturally obvious hypothesis that pitting is due to the gas-producing 
powers of microbes was experimentally confirmed by H Weigmann (YIII.) in 
1890. Undoubted though it be that inflation is also a result of microbial activity , 
it IS, nevertheless, equally undecided whether the malady is caused by specific 
ferments, or only differs from normal pitting in degree, ^.es arises from the same 
cause. 

Of the two possible methods of explanation here indicated, the is 
championed by a1)Am:etz and Frbudeitrbioh (YI ) in particular. The latter in 
i8go estabhshed, in the case of three species of bacteiia — recognised os setting 
up inflammation of the udder in cows, and named Baoillua ^tlleheau, a, &, c, 
after their discoverer — that when inoculated into fresh curd they produce 
inflation and bad flavour. The fermentative activity and products of these 
three microbes were minutely examined by A. Maopatden (I.) and L. Nenoki 
(I.), The gas evolved hj B. G.o is a mixture of carbon dioxide and hydrogen, 
their relative proportions at the climax of fermentation being about 76 23, 

but afterwards becoming so far modified that, at the close of fermentation, only 
0.72 per cent by volume of hydrogen is found in the gas. To these three 
injurious organisms (pathogenic in cows and goats) a fourth was soon afterwards 
added by pREUDENUBiaa: (YII.), viz., Bacilkts Schafferi (bacteriologicaUy very 
similar to Bact&i'%u 7 n ooli commiune) which was first obtained as a pure culture 
from “puffy” cheese, and subsequently also found in “Nissler” cheese. 
Freudenreich consequently regarded this bacillus as the cause of both these 
maladies in cheese, and explained its dual manner of working by stating that 
pufllness IS produced when the fresh cheese curd contains comparatively few 
colomes of this bacillus, at considerable distances asunder, but of large size, 
and therefore capable of hberating much gas, whereas, on the other hand, 
“ Nissler ” cheese results when the microbe is distributed abundantly, as individual 
cells, throughout the ripening mass. Adametz (VII.) found m the milk and 
cheese of a Sornthal dairy a fission fungus which he named Mvyi'ococcua 
Soi'nihahi^ and which proved capable of causing puffiness in cheese. This 
microbe is shown in Plate I. Fig. i. 

The second method is founded on a different basis. Whereas Freudenreich 
devoted his attention to the discovery of specific inflation ferments, Pn BAUMAim 
(I ), on the other hand, endeavoured to ascertain the external conditions under 
which a microbe producing the normal pitting of cheese would become the cause 
of inflation. An example of this is afforded by the Bacillus dial/rypeticus caseiy 
discovered by him. This organism, when sparsely inoculated in curd prepared 
from Pasteurised milk, produces a ‘‘blind ” cheese, i.e. one contammg merely 
a few holes ; but when it is added in large amount, it gives rise to puffiness. 
This facultatively anaerobic fission fungus is a non-motile capsule bacillus 
generally 1,5 in length and 0,7 ^ in breadth ; a photographic representation 
is given in Plate I. Fig. 2. In media containing sugar it hberates a gas chiefly 
consisting of carbon dioxide along with a not inconsiderable portion of hydrogen ; 
and in addition to these products alcohol and lactic acid are formed. 

If this bacillus be inoculated into fresh curd prepared from non-Pasteurised 
milk, and consequently rich m a variety of bacteria, a struggle ensues between 
them. In presence of a superior force of species that do not generate gas, the 
B. dmirypeVicus casei is suppressed, and “ blind ” cheese will result On the 
other hand, when the restrictive power of the other organisms is merely sufficient 
to moderate, but not prevent, the development (and consequently gas-producing 
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power) of our bacillus, then the pitting will be normal ; whilst, if finally thes^^ 
adverse influences be almost entirely lacking, "pufiy” cheese results. No 
re3ection of this explanation is implied by the mention of the error into which 
its author has fallen in attributing to his bacillus a?o«0 the capacity of producing 
pitting — the inaccuracy of which assumption has been noted, inter aha, by 
Adametz (Yin.). 


§ 182.— Cheese-makers' Recipes. 

In the light of Baumann’s discovery, the reason for a number of (apparently 
pedantic) rules current among cheese-makers both for the production and 
subsequent treatment of the curd is made clear. The careful adherence to 
certain temperatures during and after setting; the time of exposure to their 
influence ; the nature of the mechanical treatment, and even the extent of the 
pressure applied to the moulded curd in the press, — all these conduce to the 
result — the cause of which is certainly unknown to the operators — that a certain 
bacterial species attains pre-eminence. 

The researches published by Pr Schaffer (III ) and Peeudenkbich (YIII.) 
in 1895 tend to elucidate the processes occurring during the after-waming of 
the curd. As has already been indicated, the freshly precipitated curd is kept 
for a short time at a certain constant temperature, the degree and duration of 
exposure varying in different kinds of cheese. In the case of Emmenthal cheese, 
Schaffer showed that a merely gentle after-warming of the curd results in a 
quicker and more perfect ripening, so that the finished cheese contains a large 
proportion of products formed by the decomposition of albumin Preudenreich 
investigated this condition from a bacteriological point of view, and explained 
the fact already recorded in § 177 — viz , that the ripening of hard cheese is 
almost exclusively brought about by bacteria, whilst that of soft cheese is chiefly 
occasioned by higher fungi (budding fungi, oidium) — as due to the mferior 
powers of resistance to high temperatures exhibited by the latter organismB. 
Thus the cheese-maker’s old rule that *‘curd for soft cheese should be only 
gently warmed ” is shown to be well founded'. 

Certain prescriptive methods of preparation for a large number of different 
kinds of cheese have been gradually built up as the outcome of practical 
experience. The possibihty of such a result is a proof that the bactend species 
necessary in the ripening of cheese are present everywhere and at all times. 
The exact observance of these recipes can, however, only continue to indefinitely 
yield uniform results where the composition of the bacterial flora of the milk 
set for cheese undergoes merely unimportant fluctuations This is the case in 
the Alpine dairies, where the grazing grounds seldom, if ever, receive any 
application of manure from external sources, and consequently the same species 
of bacteria are continually returned to the ground anew in the dung of the 
grazing cattle. For this reason the cheese-dairying industry necessarily developed 
first in the High Alps,' •since there the business is, in a bacteriological sense, 
exposed to the minimum of danger The case is different in the lowlands, 
where the cows are fed with fodder of highly diversified origin, frequently 
consistmg of the residues of agricultural industries (grains, distillery residue, 
grape skins, (&o.). The bacterid flora of the dung of such animals will be liable 
to frequent changes , and since the bacterial content in the milk is for the most 
part derived from the dung, it will be evident that the cheese-making process 
will be affected by this change Greater difficulties consequently attend the 
pursuit of the industry in lowland districts, and much less rehance can be placed 
on recipes. To explain this more clearly by an example, reference may be 
mode to an observation which chemists have been unable ^0 explain, but^which 
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BITTER MILK. AND BITTER CHEESE 

,-^regarded from a bacteriological standpoint — seems almost self-evident, vi 
the difficulty experienced in the vrorking up of milk at- stick times of the ye 
as a change is made from dry to green fodder, and mce versd. The bacter 
flora of fresh grass is of a much more diversified character than that on d 
3iay ; only a few species remaining alive and capable of development in t 
latter. 

§ 183.— Counteracting* Puffiness in Cheese. 

The reader will now probably inquire whether any method exists where 
milk that will produce puffy cheese may be recognised as dangerous before 
is worked up and rejected by the cheese-maker This course will be advisal 
-vvlien the gas-forming bacteria greatly preponderate, a condition ascertamal 
by the so-called fermentation test A sample of the milk to be examined 
kept m a fermentation iBLask (§ 126) for twelve hours at 40° 0., a condusi 
based on experience being then formed as to its suitability or the reverf 
according to the changes occurring dunng this period. Puller particulars ■ 
this point will be found in Adametz’s monograph, as also in the highly coi 
mendable text-book of W. Fleisohmann (I ). 

As a means of preventing the malady, E^eudenbeioh (IX ) recommends t 
addition of 3 per cent of common salt to the freshly precipitated curd, fre 
from the mam bulk of the whey. For restricting incipient puffiness, Adame 
counsels setting the cheese to cool, since the ferment is found, by experience, 
bo violent and injurious solely at higher temperatures. 

From the results of an investigation made by H. L. BoIiLBY and 0. ] 
HaJjL (I ) it must be concluded that gas-forming bacteria are not present in mi 
at the moment it leaves the udder If this observation is confirmed by renew* 
(highly desirable) researches in other places and under different conditions, ar 
thus become a general law, it will indicate the means of preventing puffineas, vn 
by taking care to keep the fresh-drawn milk free from du't and dung, which ai 
the vehicles by which the gaa-fonning bacteria are mtroduced. 

§ 184.— Bitter Milk and Bitter Cheese. 

According to a rule based on experience, and observed by all housewiv 
skilled in cookery, boiled milk must be stored in uncovered vessels, otherwi 
it IS hable to turn bitter. The attention of Pasteur was also directed to tl 
matter in the course of his studies on spontaneous generation. We have alreai 
seen, m a previous section, that the French mvestigator here made the importa 
discovery that, though the lactic acid bacteria are thus destroyed, the more high 
resistant spores of butyric acid bacteria can withstand such a bnef exposure 
boiling heat. Now, since the majority of these latter are anaerobic, they a 
then only manifest their activity provided the admission of oxygen is eith 
entirely prevented, or at least restricted, a condition ensured by covermg t 
milk-pan with a lid. There then gradually accumilfates within the pan 1 
atmosphere of carbon dioxide, &c., produced by the vital activity of bacteria ai 
preventing the access of oxygen to the strongly fermenting milk. The existen 
of this gaseous stratum can be detected by the sense of smell on carefully raiaii 
the lid. 

The bitter fl.avour developed in the milk was formerly ascribed — e g 1 
Hi. Kruegeh (II.) — ^to the chief product formed by these bacteria, viz., butjn 
acid, until Weigmann (IX ) in 1890 showed that no bitter taste is produced 
milk by the addition of butyric acid. Like Hueppe (VII.), he attributes t 
bitter flavour to the peptone formed from the albuminoids in milk Later i 
searoiies on this poi^t have led, in the mam, to the same results. Consequent 
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the subject falls within the present section, which deals with the decomposition 
of albumin. 

NageH was the first to attribute the development of bitter flavour in milk to 
bacter^ activity, and since then many attempts have been made to find and 
prepare pure cultures of bacteria possessing such properties. Some of these are 
capable of producing bitter principles both m milk and cheese, whilst others are 
mjurious solely to the former ; but all liquefy gelatin, and consequently produce 
a peptic ferment. 

Of the first group two species are known up to the present, viz., (i) Tyroihrvc 
gemcuLatiia — obtained as a pure culture by Dtjolatjx (XIII.) from Oantal cheese, 
and already noticed in § 176 — ^produces a bitter substance in both milk and soft 
cheese (2) Micrococcm casei amoH was isolated to a pure culture by Feeudekt- 
REiOH (X.) in 1894 from bitter, hard, Swiss cheese. This organism, which 
measures about i in diameter, is endowed with the somewhat rare dual property 
of forming lactic acid and liquefying gelatm. In milk and cheese — but not in 
bouillon — ^it gives rise to a strongly bitter flavour, which Freudenreich only 
partly ascribes to the peptone produced, smce after the latter has been thrown 
down by alcohol from nulk cultures of the coccus, the filtered liquid leaves, on 
evaporation, a bitter residue. Here the widespread experience of practical 
cheese-makers, viz., that the bitter taste generally makes its appearance at the 
stage of semi-ripeness, vanishing again as the cheese increases m age, may be 
mentioned 

The capacity of developmg a bitter flavour in milk alone is possessed by the 
foUowmg organisms. — i. Weigmann described in his above-named treatise a 
sporogenic bacillus, 1.5-1. 8 (m long and o 9-r.i ji broad, which does not produce 
gas, but gives rise to a casein- dissolving enzyme and a volatile acid (differing 
from butyric acid). 2. The micrococcus of bitter milk, of Oonn (IY.), is aerobic 
and non-motile, forms butyric acid, and develops a repulsive bitter flavour in 
milk, cream, and butter. 3. M. Blbisch (I ) obtained from milk, which had 
become decomposed after sterilisation by the Neuhauss process, a pure culture 
of a facultatively anaerobic motile ba^us, whose endogenous spores were 
able to stand exposure* for six hours at a temperature of 100° 0. in milk. 
When moculated into sterilised milk it produces a strongly bitter flavour, and 
must, from its behavour towards casein, be grouped with Euclaux* Tyrothnx 
species. 4. BacUUts Uquefacfiens lactw cman was found by Fbeudenehioh (X ) 
in cream which had turned bitter spontaneously. The relative dimensions of 
this motile badllus vary considerably the most usual measurements are o 5 u 
for the breadth and 1.5 /li for the length, but the latter may extend to 6 It 
induces coagulation in milk — which it also makes very bitter — ^but no formation 
of acid takes place ; and it liquefies gelatin. 



CHAPTER XXXII. 


THE FERMENTATION OF UREA, URIC ACID, AND 
HIPPURIO ACID. 

§ 185.— Urea, the Final Product of Animal Metabolism. 

The natural cycle pursued by the elements normally present m the vegetable or 
ammal body is, with a few exceptions, very simple and easy to follow Those 
resisting the action of fire, and therefore found in the ash — viz., K, 0 , Na^O, 
OaO, MgO, SiOj, SOg, PjOj, FOgOg — are taken up by the plant from the soil 
(where they are generally present in sufficient quantity) and are returned thereto 
m manures. Hydrogen and oxygen are, in the form of water, always plentifully 
at hand. Oarbon is absorbed from the air as carbon dioxide by the plant, and is 
given up again by the animal in the same form 

The natural cmculation of nitrogen is much more complex. This element, 
which is indispensable for the construction of albuminoid substances, is an object 
of solicitude not only to the farmer, who balances the incommgs and outgoings 
of his soil, but also to the bacteriologist, who carefully watches the changes of 
form mtrogen undergoes during its passage from the plant through the body of 
the animal and back to the earth, where it is again gradually enabled to renew 
the cycle. 

Only a portion of the nitrogen consumed by man and animals in the food — 
chiefly in the form of albuminoids, but also as amido-compounds, &c — and 
transformed and again excreted, leaves the body viA the intestinal canal, i.s. m 
the f88ces. This portion consists, on the one hand, of indigestible or undigested 
food constituents, and, on the other, of nitrogenous metabolic products , such, 
for example, as glycocholic acid and taurocholic acid from the bile , leucine and 
tyrosine from the gastric juices, &c. (fee. The subsequent fate of these amido- 
compounds passing into the excrement has already been dealt with m § i68. 

The residual nitrogen takes another route in order to make its exit from the 
body, namely, vid the kidneys, and is excreted in the urine. The moat important 
constituent of this substance is urea, but uric acid, hippuric acid, allantom, (fee., 
are also present, though in much smaller quantities. The qualitative content of 
these bodies differs in the various kinds of animals, whilst quantitatively they 
depend on the amount and composition of the food. 

In human urine and that of the carnivorous mammalia, birds and reptiles — 
which has an acid reaction owing to the presence of acid sodium sulphate — uric 
acid is present to a greater extent than hippuric acid. The total amount voided 
by a man of normal size is . — 

TJiea . . 35-50 grams ^ 

ITrio Qcid o 5- 75 gram 

Hippuric acid .... -03 gram. 

On the other hand, the urine of the herbivorous mammals and birds — which 
has an alkalme reaction owing to its content of KHOOg — exhibits a different 
substantive ratio, uric acid bem^ in very minute proportion (xirrth per cent ), 
whuat hippuric acid is comparatively plentiful, e.gr, m cows’ urine up to J per 

253 
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ceat , m horses’ urine up to 2 per cent, (in combination with lime). TJrea^ 
is present to the extent of 2-5 per cent, m cows' urine, and 3 per cent, in that . 
of the horse. 


§ 186.— Urea Unassimilable by Higher Plants. 

Assuming the total number of inhabitants in the world to be 1500 millions, 
and estimating the diurnal excretion of urea at an average of only 25 grama per 
individual, then there results a total daily production of 37,500 tons of urea by 
the human race alone. This quantity m the solid state would occupy a space of 
50,000 cubic metres (65,400 cubic yards), and contain 17,000 tons of combmed 
nitrogen The excretions of the animal kingdom must be estimated at a much 
higher figure. 

The amount of nitrogen daily excreted in urine and passing into manure is 
consequently enormous, and the question naturally arises . What becomes of it 
afterwards ? Is urea (and also uric acid, (fee ) adapted to serve immediately and 
directly for the nutrition of plants, and of cultivated plants in particular ? 

Agricultural practice answers this query by a decided negative, knowmg 
from experience that manuring with fresh urine is at first either entirely useless 
or actually injurious. No satisfactory explanation of this fact has yet been 
discovered by scientific research. 0. Kellner (III.), for example, sought it in 
the circumstance that urea is not absorbed (retained) by the soil. We must 
therefore turn away from research, and fall back on the fact that urea is 
unsuitable for the nutrition of the higher plants, and that consequently its 
nitrogen, not being available for this purpose, is lost If this element is to 
continue its cycle in the organic world, it must first be converted into other 
forms and modes of combination ; and the question arises as to which of these 
involves the least labour and smallest expenditure of energy. 

It must be borne in mind that urea is a derivative of carbon dioxide on the 
one hand and ammonia on the other — ^.e, two compounds which are known to 
be suitable for the nutrition of plants — and may be regarded as a condensation 
product from these two atomic groups by dehydration. If their coherence can 
be loosened, and the carbamide split up by hydrolysis to form carbon dioxide and 
ammonia — 

OOpTHala + 2HaO = OOg + (NE^laO, 

this prevents the danger of the said quantity of urea remaining undecomposed 
and accumulating, in consequence of which its nitrogen would be withheld from, 
mstead of restored to, the vegetable kingdom 

There is, however, no need to seek far for an instrument for this conversion. 
Nature herself having already provided the implements for this work in the 
micro-organisms known as urea bacteria. The next three paragraphs will be 
devoted to the consideration of their character and capabilities ; a fourth dealing 
with the decomposition of uric acid and hippunc acid. 

§ 187.— Discovery of the Urea-Ferment by Pasteur. 

The natural process of the decomposition of urea was discovered some two 
years after the first successful attempt at the artificial preparation of this 
substance. The well-known fact that urine, which is clear when first voided by 
healthy individuals, becomes turbid on prolonged standing, while with increasing 
age it turns more and more alkafine, and exhibits an increasing smell of 
ammonia, found an explanation in 1830 at the hands of Dumas, who regarded 
this modification (the ammoma^cal fermentation of unne) as onconversion of i&ea 
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into ammoniam carbonate by the absorption of water. This hydrolysis of urea 
was considered as a purely chemical process, a readjustment of the atoms in the 
molecule. 

It was reserved for Pasteur (I.) m 1862 to show the incorrectness of this 
view. He discovered in fermented urine a micrococcus (o.8~i o in diameter, 
and frequently united as diplococci, tetrads, and chains) which is capable of 
inducing the change in question in sterilised urine. This organism was shortly 
afterwards (m 1864) also described by Van Tieghem (YIII ), and called 
Bactenvm wrece^ being subsequently named by Cohn Micrococcus ureoe. 

The next researches on this importEint fermentation appeared in 1879, and 
aiForded proof that this capacity for converting urea into ammonium carbonate 
IS not restricted to one single species of microbe, but that, on the contrary, 
Pasteur’s miorococous has competitors, not only in many bacteria, but also in a 
few of the higher fungi. This work was perfoimed by P. Miquel (Y.), to 
whom we owe most of our present knowledge of the fermentation of urea. 
Before turning to his more recent labours on the subject, we will, however, 
briefly review the endeavours made by his colleagues in the same direction 

R. VON jAKSon (I.) in 1881 published a thoroughgoing investigation, the 
moiphological part of which was also instrumental in founding the theory of 
bacterial pleomorphism ; the physiological results will be given m the next 
paragraph The unne-bacterium discovered by him throve best in a liqmd 
contaming the following dissolved salts per litie of water . acid potassium 
phosphate, 0,12 gram , magnesium sulphate, 0.06 gram ; Seignette salt, 5 grams; 
and urea, 3 giams. This hquid is known in the literature of the subject as 
Jaksch’s nutrient solution. 

Lbubb (I ) m 1885 added four new species of bacteria to the gi'oup of urea 
ferments alieady known. One of them, called Bacterium urtcs, appeared in the 
form of plump rods, 2 fj, long and i fi broad, and of the remaining three, one 
belongs to the sarcina group. 

In contrast to the bacteria (forming solid colonies) mentioned above is the 
urea-fermentmg micrococcus discovered by Pl'&ggb (1.), and known from its 
hquefying influence qn gelatin as Micrococcus urecs liquefcboims. 

The report drawn up by 0 . LundstrOm (I.) and R. Oambeer (I ) also made 
known a few new species of urea-fermenting bacteria, and the same applies to a 
research by R. Bxtrri, E. Hbrfeldt, and A. Stutzer (I ), which we will deal 
with briefly below- We oan now turn our attention to the above-mentioned 
newer 

§ 188.— Researches of P. Miquel (VL). 

This author isolated from air, soil, liquid manure, water, <fcc., some sixty 
different species of bacteria, all of them capable of fermenting urea. Out of 
these he selected seventeen as paiticularly worthy of interest, and has more 
•'closely investigated and described them. Morphologically he distinguishes thi'ee 
genera, Urola/ydUiSy Urococcus, Urosa/rcina* In the further subdivision within 
these three groups two principal factors of a chemico-p by Biological nature aie 
adopted as criteria, viz., the rapidity of fermentation, Le. the amount of urea 
fermented per unit of time , and on the other hand, the fermentative power, 
expressed by the maximum quantity of urea completely fermented by the 
species in question per unit volume of nutrient solution. These two indications 
acquire almost the character of mathematical constants for any determined 
species. 

The most powerful as well as the most energetic is the Urohacdlus Pasteurii^ 
so frequent m both natural and drainage waters This organism ferments 
3 grarfia of urea per •hour in* a 2 per cent, peptomsed urea -bouillon, anc^ 
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completes its task even when the nutrient solution contains 140 grama of 
per litre. Morphologically similar to this, but differing greatly in physiologicSF, 
character, is the UrohaMua FrmderyrmcJm, found with particular frequency 
the sweepings of the streets of Paris. This bacillus can only hydrohae 0 3 gram 
of urea per hour, and cannot ferment a larger quantity than 45 grams per litre 
of nutrient solution. It is an actively motile rod, i 0-1.3 jm broad and of 
variable length. 

High degrees of speed and power of fermentation are not always found in 
association. This is well exemplified by UrobcmUm Schutzmbergiiy a rod i ft 
long and 0.5 broad, mcapable of producing spores It was found by Miquel 
both in natural and drainage waters, but never in the air. This species is very 
energetic, i.e, transforms a large amount of urea per unit of time, but its activity 
ceases as soon as the hquid has become somewhat enriched with ammonium 
carbonate. That this is actually the cause of the cessation follows from the fact 
that the fermentation proceeds further when this salt is removed by aerating the 
medium. 

To this injurious influence of ammonium carbonate — towards which different 
degrees of susceptibility are exhibited by the various species — is due the rapid 
dying of cultures of the bacteria under consideration, in liquids containing urea. 
If it is desired to prolong their existence or to refresh debihtated cultures, they 
must be transferred to nutrient media that are free from urea, and consequently 
enable growth to proceed only at a slow rate, but, just for this reason, ensure a 
longer hfe. 

Even greater than their sensitiveness towards ammonium carbonate, of which 
even the most delicate species can support a very considerable quantiiy, is the 
susceptibility of the urea bacteria to the presence of free acid in the nutrient 
medium. Burri and his collaborators ascertained (in their above-mentioned 
researches) that 0.4 per cent, of sulphuric acid produces a fatal effect. This 
observation can be practically utilised in the protection of stall manure from 
early decomposition. 

Into the remaining distmguishing characteristics of Miquel’s urobaoteria — 
especially the degree of resistance to heat exhibited both by the vegetative forms 
and the spores produced by all but the last-named species — we cannot enter 
further. One common charactenstio peculiar to the group must not, however, 
be omitted from mention, and that is the aureole with which the colonies 
surround themselves when grown on 2 per cent, urea-gelatin, and whereby they 
are distinguishable from all other bacterial species, even at an early age, by 
macroacopical examination or under a low power. The colonies are closely 
surrounded, for a distance exoeedmg their diameter, with numerous biscuit- 
shaped bodies, embedded in the gelatin and for the most part so close together 
that they envelop the colony as m a cloud. These bodies are facetted crystals, 
each composed of two combined globules, containing lime, carbonic acid, and 
phosphoric acid, and formed by the reaction of ammonium carbonate (hberated 
by the bacteria), on the salts of the alkaline earths contained in the medium. 

Whether and how far the nitrogen m the urea contributes to the structure of 
these bacteria is also an interesting point. Jaksoh in his treatise asserted that 
his bacillus preferentially takes up nitrogen from urea, other sources, such as 
peptone, being less smtaWe ; but Sliquel came to exactly the opposite conclusion, 
the species examined by him greatly preferring peptone, or any similar 
substance, before urea as a source of nitrogen. 

TJrobacteria are of very frequent occurrence in nature. For quantitative 
determinations on this point we are indebted to Miquel, according to whom the 
average number of such bacteria in the air of Pans was (in 1891) 151 germs per 
cubic metre. The smallest number (90) was found in aHumn and the highest 




URASE - 

in spring (197) and summer (202). The relative content of these in nati 
waters increases with the degree of impunty A good example is afforded 
the Seme: before reaching Paris 103 urobacteria were found per 
microbes, whereas a sample taken withm the city linoits gave 204, or twic< 
many as before. According to Miquel, 1-2 per cent, of the bacteria presen 
the soil, and 15 per cent of those in cowhouse manure, are capable of hydro 
ing urea. It is therefore evident that Nature provides for the conversioi 
urea mto a more readily assimilable compound, which we have already founc 
be essential 

The ammoniacal fermentation of the urine of herbivorous domestic anin 
(horses, homed cattle) begins soon after its evacuation from the body. ' 
resultmg ammonium carbonate partly volatilises, and thereby leads to a 
of nitrogen, the extent of which — as A. MUntz and A. Gikabd (I.) sho^ 
in 1893 — was formerly under-estimated. Out of the many methods propc 
and attempted for the prevention of this loss and the combination of 
ammonia, a few {e,g sulphuric acid) have proved unfit for application in 
stall, and others (such as peat htter, gypsum, kainit) insufficient, only a six 
one being actually suitable the superphosphate recommended by E. HEiDBisr 
in 1887, viz , the acid phosphate prepared by means of sulphuric acid, 1 
capable not only of chemically fixing ammonia, but also, by reason of its t 
reaction, preventing the inception of unc fermentation. 


§ 189.— Urase. 

In 1874 Musottlus (I ) expressed the opinion that the conversion of urea 1 
ammonium carbonate is merely an indirect lesult of bacterial activity, 
hydrolysis of the urea being effected not by the organisms themselves, but by 
enzyme they excrete This enzyme was said to be particularly plentiful in, j 
recoverable from, the urine of patients suffering from catarrh of the bladde 
circumstance which would also account for the alkaline reaction of this ui 
when m a freshly voided condition This statement was investigated and c 
firmed by Pasteur and Joubert (II ) m 1876. On the other hand, the attem 
made by Leubb (I ) to separate the enzyme from the bacteria by filtrat 
through a clay cylinder failed P Miquel (YII.) then showed, in 1890, t 
these conflicting results are due to the extreme decomposability of this enzy 
which he proposed to name urase, and which, being very easily oxidised, ou 
to be filtered in an atmosphere devoid of oxygen, a precaution neglected 
Leube Urase decomposes in three to four hours at 50° 0 , and in a very 
minutes at 80° 0. With regard to its chemical composition nothing is at pres 
known , not even whether it is a single body or a mixture of several substai 
(varying m constitution according to the conditions of fermentation) ( 
thing, however, Miquel placed beyond doubt, viz , its capacity to hydrolyse 1 
rapidly convert urea (in a sterilised solution) into ammonium carbonate. I 
therefore a true enzyme. 


§ 190.— The Decomposition of Uric Acid and Hippuric Acid. 

With regard to the disruption of the unc acid molecule by microbial agei 
F. and L Sbstini (I.) instituted an investigation, according to which 
decomposition corresponds to the equation — 
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IJDfortunately, pure cultures were not employed in this research, which was 
published in 1890, snd the same defect attaches to an investigation made by r 
B. G:6 iiard (L) in 1896. 

In a chemical sense, the statement just recorded was confirmed by the 
treatise of Burri and his co-workers, mentioned in § 187. These workers also 
included the decomposition of hippuric acid in the scope of their labours. Like 
their Italian colleagues, however, they did not employ pure cultures of ferments, 
hut used a drop of manure drainings*^ for inoculating the media. Theyfound 
that hippuric acid was not attacked per as, but only when in combination with 
lime, the decomposition, moreover, being more difficult to effect than was the 
case with tirio acid or urea — ^which last named is the easiest of all to convert into 
ammonium carbonate Both for the sake of completeness and also to show the 
necessity for a more accurate investigation of the decomposition of hippuric acid, 
we must refer to a remark made by Yan Tieghem in his above-mentioned 
treatise, namely, that his 5 . urece is capable of splitting up hippuric acid into its 
two components, glycocoll and benzoic acid, according to the equation — 

CHo NH— GO CHo.NEn COOH 

I I + HaO = I +1 

COOH CgHa COOH CqHh 

Analytical data to prove that this decomposition actually goes on so smoothly 
are, howevei*, lacking. 

So far as the destiny of hippuric acid in the soil is concerned, K. Yosbimura. 
(I.) has observed that its fermentation proceeds much more rapidly in the upper 
layers than in the subsoil 
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THE FIXATION OF FREE NITROGEN BY BACTERIA. 

§ 191.— Accumulators and Consumers of Nitrogen. 

If seeds of any of the leguminous plants, e g, peas, lupins, clover, <fcc , be 
sown in a soil containing the food-stuffs (K^O, PjOq, ^ ), except nitrogen, 
necessary for the growth of plants, then, given sufficient moistuie, germina- 
tion will scon be observed At the outset the young plant develops just as 
well in the absence of nitrogen as if that substance were present in the soil . 
it feeds upon the stores of nutrient substances (carbohydrates, albumen, fat, 
&c.) accumulated in the cotyledons or seed-leaves. When, however, this store 
is exhausted, a complete cessation in the growth of the plant visibly ensues, 
the leaves turning yellow and becoming partly dried up, and the whole plant 
presenting a moribund appearance The cause of this condition can only be 
sought in the dearth of combined nitrogen that has now set in, since the 
plant has all the other essential food-stufis at its disposal. The condition 
itself IS consequently termed nitrogen-hunger. All other kinds of higher 
plants hitherto examined sufifer in the same way when grown under these 
identical conditions. Differences, however, are noticeable m their subsequent 
behaviour If left unprovided with assimilable nitrogen, the representatives 
of all other families of phanerogamic plants — apart from a few exceptions to 
be enumerated later — persist in this state of starvation and finally die away. 
Not so the Leguminosm, These will be observed to remain for some time — 
a few days to three weeks, accordmg to circumstances — in this debilitated 
condition, but will then revive almost instantaneously, rapidly turning green, 
throwing up thick, juicy stalks, embellishing themselves with luxuriant foli- 
age, putting forth a large number of blooms, and producing a good crop of seed. 
Such a plant may then overtake others that have been provided with nitro- 
genous food (manure), and have not had to pass through the famine period, 
and may, finally, at harvest yield a quantity of haulm and seed as great, 
and containing just as much nitrogen, as its more highly favoured fellows 
Hence the leguminosse, in contrast to (nearly) all the other cultivated plants 
(cereals, such as wheat, oats, &c. ; hoed crops, such as beet, potatoes, <kc ; oil- 
seeds, and so forth) that have been examined on this point, are characterised 
by the capacity for growing and ripening in a soil perfectly devoid of nitro- 
gen and without the application of nitrogenous manure. This circumstance 
IS so much the more remarkable since both the leaves and seed of pulse 
contain an unusually large proportion of combined nitrogen, and are, in fact, 
richer in this element than any other vegetable food-si}ufih. This fact will be 
best displayed by the subjoined table, giving the average figures, obtained 
from a large number of analyses, of the percentage of nitrogen in the dry 
matter of the seeds of — 


Maize . 

1.8 

Peas 

• 43 


Buckwheat 

I 9 

Beans 

. . 46 


Oats . 

I 9 

Lentils 

• 47 


Wheat . 

• . .2.3 

Soja beans . 

. . 6 I 

a 


2S9 
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From the large number of researches instituted on the assimilation of nitrogen^ 
by plants, the following example, given by Emil Wolff (I.), may be selected,, 
and may easily be repeated on a small scale by the reader for his own information. 
A number of zinc boxes were filled with 24 kilos. (53 lbs.) of washed calcareous 
river-sand destitute of nitrogen, the necessary mineral nutrient substances 
(P,Og, SO3, EljjO, MgO) being then added and the seeds mentioned in the follow- 
mg table sown A certain number of these boxes contained 0.83 gram of nitrogen 
apiece in the form of nitre. The total dry matter and total nitrogen in the crop 
were determined, with the following results — 


Per Box 

Oats 

Buckwheat 

Hapc 

Pena 

Vetches. 

With- 

out 

X 

With 

N 

With- 

out 

N 

With 

N 

With- 

out 

N 

with 

N 

Vi^lth- 

out 

N 

With 

N 

With- 

out 

N 

With 

N. 

- 

Grmfl. 

Gnna 

Grms 

Grma 

Grmfl 

Grma 

Grma 

Gi mfl 

Grms 

Grma 

Dry matter m tlae\ 











crop . j 

24 

91 

12 

44 

13 

SO 

352 

330 

250 

241 

ITitrogen therein 

0 15 

044 

0.14 

043 

0 13 

0 50 

6 74 

6 45 

6 01 

5 9 S 


This table shows that, in the case of peas and vetches, a high yield containing 
much nitrogen can be obtained, without the soil (initially destitute of mtrogen) 
having received any application of this element in the form of manure. Such 
manurmg is consequently unnecessary to these plants. 

The results of these expenments on a small scale are confirmed by the 
observation of large farmers. Schultz of Lupitz, a land-owner m the Mark 
(Brandenburg), states that he has gathered 227 kilos of nitrogen per hectare 
(about 200 lbs, per acre) annually from his “ lupin meadows,” for fifteen years 
without any nitrogenous manuring. Similar results are reported by Deh^rain 
from experiments with sainfoin, by the cultivation of which from 205 to 237 kilos, 
of (combined) nitrogen were obtained per hectare (180-208 lbs per acre). 

For this reason agricultural chemists have termed the Leguminosce collectors 
or accnmulatois of nitrogen, and have set them up as a class distinct from all 
other cultivated plants, the latter being grouped under the name of nitrogen 
consumers. 

This does not, however, imply that the leguminous plants are averse to such 
manurmg , ou the contrary, they readily absorb any nitrogenous food present in or 
added to the soil, this food assisting the plant to tide over the stage of nitrogen- 
hunger. So soon, however, as this penod of stagnation is passed, they no longer 
require nitrogenous manure, and the latter, when applied, does not influence the 
size of the crop. Practical agriculturists utilise this observation by planting soils 
which are poor in nitrogen with such nitrogen accumulators (especially lupins) as a 
first crop, which is ploughed m when sufficiently developed. This constitutes the 
practice known as green manuring A field treated in this fashion will then 
contain a much larger amount of mtrogen (in organic combination) than before, 
and is rendered capable of properly developing other cultivated plants (cereals, 
hoed crops, &c.), which, by reason of their high nitrogen requirements, would 
otherwise have yielded only a miserable crop in such poor^ soils. r 
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§ 192.— The Discovery of the Leguminous Nodules. 

The source of the free nitrogen, accumulated by this class of plants must be 
sought in the atm ospheie alone. 

Formerly the ammonia compounds of c'lrbonic acid, nitrous acid, and nitric acid, 
always present in the air {i,e. the rainfall), were considered as likely sources of 
nitrogen. The quantities of the last-named acid brought down in the ram, in 
temperate and tropical climates respectively, are given in the following table, 
drawn up (partly from persoual experience) by A MUntz and Y. Maroano (I.) : — 



Hehfrauenherg 

EothamBtoI 

Caracas, in 

Island of 


In Elaass 
i,Boii8singault) 

{Latoea and 
Qilheity 

iMMtz and 
Ma) cntio) 

Bdiuilon 

(^Baiinbautt) 


Mg 

Mg 

Mg 

Mg 

HNO 3 per litre of\ 
rain-water j 

0 18 

0 42 

2 23 

2.67 

Amount of HNOg"! 

Kilos 

Kilos 

Kilos 

Kilos » 

thus brought into 1 
the soil pel hec- j 
tore per annum .j 

0 33 

0 83 

S 78 

9 93 


The researches and calculations made by Hellriegel (I.), in particular, 
showed, however, this addition of nitrogen is much too small to deserve all the 
credit of the enrichment of the soil. Moreover, since the supply is delivered in 
approximately legular quantity to all the fields in a given disbiict, it would afford 
no explanation of the fact that, of all these fields (without nitrogenous manure), 
it IS only just those that have been planted with leguminous crops that yield such 
a surplus of nitrogenous matter 

Consequently, only one other feasible explanation remains, viz , that the 
Zegvminosce possess the inherent property of absorbing nitrogen from the air, and 
elaboratmg it into nitrogenous compounds (albumen, (fee.). 

However compulsory this conclusion may be, its recognition by the majority 
of vegetable physiologists and agiicultural chemists was slow. Both classes 
were under the influence of Boussmgault, whose experiments (1837 to 1858) in 
the cultivation of leguminous and othei’ plants under bell-glasses in soils destitute 
of nitrogen gave results— confirmed by the check experiments of Lawea and 
Gilbert — which seemed to deny the absorption of fiee atmospheric nitrogen by 
plants 

Shortly afterwards, however, attention was directed to the bodies now termed 
leguminovs nodules These are lateral appendages or swellings on the roots (as 
shown in Fig 59), and occur both on the younger and older portions of same, the 
former being the most thickly infested. In one and the same plant all the intei- 
mediate stages of this foimation, ranging from such as are just barely perceptible 
to those as large as a pea or hazel-nut, can be found Their form (Fig 60) 
differs in different species, observations on which point have been published by 
A. Tschiroh (I.) and by Lawes and Gilbert (I ), 

The earliest desciiption of the leguminous nodules was given by Malpighi (I ) 
in his book published as far back as 1687, and this observer lefeiied to them as 
galls, diseased excrescences, an opinion also shared by P. De Candolle (I ) 

• 1 I kilo per hectare = 0891b pei acie 
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i 

in 1825. TitEviBANUS (L), m 1853, was the first to regard these nodules as^ 
normal growths, and thirteen years later they were studied by WoBONm (I.), who 
made the (subsequently important) observation, that the formation contains ^ 
entirely closed cells filled with living bacteria In the seventies Eriksson (I.) 
and Cornu (I.) recognised these appendages as metamorphosed lateral roofcs of 
perfectly unique structure. 

When regarded in section (Fig. 61), a nodule of this kind is seen at the first 
glance to consist of two different portions— a white or colourless external zone 



Fig 59 —Root ol Vida Faba 

With youQ^ nodules on most of the lateral roots 
and on the tap root Someuliat reduced 
{ 4 fter Slrashurger') 



Fig 60 — Root-nodule of Viola satlva 

mw main root , aw 18 .toral root , the meanln}^ of 
the othor letters Is given In Figs 61 and 63 
Magn 3 (4/^er Beyenncl ) 



Fig 61 — Cross-sootlou through a nodule of Viola 
sativa, cut along the Hue c In Fig 60 

pr the prlmai’y Intogumeut \^ith a few opldormal 
bacteria (j b) 

xl the voscnlai bundles, each ndth a x^lom fibre 
bact the strongly developed bactoroidal tissue 
Mngu. 10 iAfter Beyn tnvl ) 


and an inteiior layer, pale red in the}Oungnodule, but afterwards greenish grey, 
the line of demarcation between them being somewhat shaiply defined, and the 
outline indented like that of a blackberry. It is in the cells of this inner layer 
that the bactena now under consideration, and more fully described below, are 
sheltered ; and the layer itself is known as the bacteroidal tissue On account 
of these enclosures the said root-nodules received from A B Frank (III ) in 
1879 name of mycodomatia {te fungus chambers), an expiesSion that has, 
however, been abandoned 


§ 193.— Formation and Functions of the Nodules. 

The first to take under considei'ation the physiological importance of these 
nodules was LiAchaiann (I,), "who in 1858 defined them a^ stoies of albumen. 
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One-and-twenty years later Fja.AJ!rB: (HI.) showed that the foimation of nodules 
does not occur when the plants are grown in sterilised soil, thus proving that the 
co-operation of microbes eslisting in the sod is a necessary factor. This result, 
conjoined with Woronin’s observations, led to the conclusion that the production 
of the nodules is effected by soil bacteria. Frank^s observation, and the con- 
clusion deduced therefrom, were subsequently confirmed by H M W.ajid (Y.), 
who showed that the nodules are absent in water-cultures of Y'ljcxa Faba in 
sterilised nutrient solutions, but, on the other hand, appear in large numbers if 
chopped nodules, grown in the ordinary soil, be inserted amongst the root-hairs. 
This discovery threw a little more light upon the manner m which the nodules 
are produced, and increased the probability of the assumption that they result 
from the activity of bactena which gam access to the root, and there exert a 
certain stimulance mducing a luxuriant cell-growth. A more intelhgent mves- 
tigation of the importance and mode of action of the nodules thus became possible, 
and it was then remembered that the LegvimiTiQsm are precisely the plants found 
capable of growing in soil destitute of nitrogen. Hence the obvious idea sprang 
up that possibly these nodules should be regarded as organs facihtatmg the 
absorption of uncombined nitrogen from the air. 

It naturally follows that if this assumed faculty is actually possessed by these 
growths, a direct connection between the formation of the nodules and the 
development of the plant as a whole should be traceable, and this was accom- 
plished by Hblleiegbl (I.), in conjunction with ‘W’ilfarth, m the years 1884 
to 1886. These workers, as a result of exhaustive mvestigation of plant-roots, 
arrived at the conviction that the development of the root-nodules stands in 
most mtimate relation to the gi’owth and assimilation of the whole plant. The 
number of nodules per plant was found to be the greater in proportion as the 
development of the latter was moie perfecfa Papihonaceous seeds (e.^. peas) 
sown in boxes of sterilised soil devoid of mtrogen, and protected from subsequent 
mfection, perished after nitrogen-hunger set in, but, on the other hand, throve 
and ripened when the boxes were supphed with a small quantity of an aqueous 
extract from fertile soil When the non-nitrogenous sod was watered with 
a httle of the said extract, and then sterihsed and covered with a layer of 
sterilised cotton-wool before planting the seeds, the result was identical with that 
of the first experiment, i.e. the plants started well, arrived at the stage of 
nitrogen-hunger after the unfoldmg of the sixth leaf, and then gradually feU 
into a consumptive state and perished, barren. By these and many other experi- 
ments Hellnegel ai rived at the incontrovertible conclusion that the absorption 
of atmospheric nitrogen by the Fapihonaoem is dmectly connected with the 
development (or the presence and activity) of the so-called leguminous nodules, 
which latter are produced solely by the action of certain bactena on the roots 

Hellnegel confined his researches entirely to the PapilionacecB^ and left out 
of consideration the other two famihes, viz , G<malpinacecB and MvniosacecBy which 
form with it the cider Leguimnoacs, The formation of nodules m those two 
famihes was subsequently investigated by D. Morok (I.), with the result that 
the faculty was discovered in each one of sixty-five species (from thirfcy-eight 
genera) examined These discoveries were supplemented by H. Lboomtb (I ), 
who, in 1894, proved that nodules are formed m Arachis hypogosa^ the earth-nut, 
a fact abeady noted by Poiteau m 1852, but afterwards demed by Eriksson. 
The nodule bacteria of the Soja bean {Soja have been described by O. 

Kirohnbr (II ). On the other hand, neither Morck nor Fr Nobbe (I ) was able 
to discover the presence ot root-nodules on Gleditschicb , and it is found impossible 
to inoculate this plant by the nodule bacteria of other Leguminoscb* Apart from 
Leguminosoi^ the organs in question are found (so far as is at present known) 
only on AhiuSj Fla&^gnus angustffohus^ H'lppophae^ and Podoco/rpus^ all of which 
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are able to thnve in soils desUtute of nitrogen The faculty of nodule formatioxt^j 
has also been ascribed to other plants. A. B Feank (IY.) goes the farthest irfi 
this respect, and, indeed, assumes that all plants are in a position to take up 
free nitrogen, an opinion also recently expressed by J Stoklasa (II.) Libb- 
SGHBB (I ) confines his opinion within narrower limits, but aaoribes the power of 
fixing free nitrogen to oats and mustard as well. The statements of Frank and 
Liebscher have, however, been disproved by the searching criticisms of, eg, 
WiLFARTH (I.), TJ Kreusler, P. Wagner, F. Nobbe, and L. Hiltner (I), and 
J, H Aeby (I.) has shownu that mustard does not possess the faculty with which 
it is credited by liebscher. The same results were obtamed by Oh E, Ooates 
and W R Dodson (I ) in i 896, in their experiments on the cultivation of the 
cotton plant {Goasgpiim), 

§ 194.— The Nodule Bacteria. 

The discoveries reported in the foregomg paragraph, and for which we have 
chiefly to thank Hellnegel and Wilfarth, lead up to the question whether this 
proved absorption of free nitrogen is effected m the root-nodule itself, or whether, 
by the influence of this formation, the entire plant — particularly the fohage — 
becomes capable of taking up this gas from the atmosphere and fixing it in 
combination ? 

This latter opinion, which was chiefly supported by A B, Frank, has been 
investigated by P Kossowitsoh (I.), who was, however, unable to discern any 
absorption of atmospheric nitrogen by the parts of the plants above ground. 
Attention must, therefore, be concentrated on the root-nodules themselves, but 
before going into the question whether and m what manner the nitrogen is fixed 
by them, it will be necessary to become more closely acquamted with the hvmg 
orgamsms they contain, viz., the nodule bacteria. 

The discovery of these bacteria by Woronin in 1866 was nob followed im- 
mediately by their general recognition m scientific circles For example, H. 
Db Vries (II.) in 1877 looked upon them as non-essential. Moreover, when 
J Brunohorst (I), in 1885, examined them more closely, he came to quite a 
different conclusion, and defined the supposed bacteria as organised albuminoids 
collected m the mtenorof the nodule cells, and therefore termed them bacteroids 
(on account of their external resemblance to bacteria) Hence the tei m bac- 
teroidal tissue, applied to the internal portion of the nodules in which these 
organisms appear in large numbera Remarkably enough, Brunchorst’s opinion 
found favour in the eyes of A. B Frank (Y.), although conflictmg with his own 
discoveries made in 1879 A. Tsohirch (I ) also ranged himself on the side of 
Brunchorat. 

A complete revolution of opmion took place m 1888, when Beterinok (XIY.) 
indubitably established the fungoid nature of these supposed psjBudo-bacteria, 
by isolating them from the nodules, and cultivating them further in artificial 
media The pure culture obtamed from the individual species of Papihonaceoi 
exhibited certain slight but undeniable differences, which, however, were not so 
extensive as to make their discoverer feel justified 111 clastufyiDg the organisms as 
separate species, so he defined them as varieties of a single species, for which he 
proposed the name of Bacillus radicicola. The arti&cial formation of nodules 
induced by inoculating the roots of Legummosse with such pure cultures was 
successfully attempted a year later by Piazmowski, and will be noticed in § 195. 
The bacillua in question develops either feebly 01 not at all on ordinary nutrient 
gelatin, this substratum being too rich m nutrient materials Beyerinck recom- 
mends a decoction of the leaves of Papibooiacece, with the addition of 7 per cent 
of gelatin, J per cent, of asparagin, and J per cent of cane-sqgar The requisite 
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degree of acidity m the medium is represented by about 0.6 c.c. of normal acid 
per 100 c c The plates coated with this nntnent medium are inoculated with 
an infusion prepared by mixing a few c 0. of sterilised water with a small portion 
of the contents of the bacteroidal tissue of a fresh, young nodule that has been 
previously washed with water, then steeped a short time in alcohol, freed from 
the latter by means of ether, and finally cut open with a sterilised knife. The 
small quantity of inoculating liquid will be absorbed by the gelatin, leaving the 
bacteria on the surface, where their giowth progresses in the most favourable 
manner. Here they develop to small mucinous colonies that do not hquefy the 
gelatin 

Two forms of cells will be immediately noticeable in preparations made from 
such a culture Beyermok distinguishes them as rods and rovers. The former 
have a breadth of i ft and a length of 4 to 5 p, and wander eagerly towards the 
edge of the cover-glass, where fiesh oxygen obtains access As veritable dwarfs 
m companson with these aie the rovers, which are only 0.9 fx long and 0.18 ft 
broad, and therefore belong to the smallest of known nucro-organisms Even the 
Ohamberland filter cannot lestram them, and they escape through its pores As 
the name imphes, they are endowed with motile power, which is frequently so 
strong that individual rovers are able to escape from the parent colony, make 
their way across the gelatin plate, and found a daughter colony at a distance 
The rod cells are not invanably of the ordinary cylmdrical shape ; on the contrary, 
variously bulged or lobed forms appear in larger or smaller number according to 
circumstances, and a forked blanching, resembling the Greek y, is very frequent 
This peouhanty, be it remarked m paaaant, is also shared hy other bacterial 
species, eg, the Fasteutia ramoea already mentioned in an earher paragraph. 
BaciUua mdi&icola does not produce an enzyme capable of dissolving gelatin, 
starch, or cellulose, or of inverting saccharose , neither has spore formation been 
detected, a circumstance harmonising with the fact that a temperature of 60 °— 
70° 0 suffices to destroy this fission fungus On the other hand, the organism 
appears to support drought and frost without sustaining any injury 

A few words must be devoted to the varieties exhibited by the nodule 
bacteria Hellriegel established (though without employing pure cultures) that 
the nodule bacteria of peas cannot develop nodules on lupins and Seradella 
{Chm%thopu 8 satvmis)* This observation, which was challenged by A. B Erank, 
was confirmed by Nobbb, working with puie cultures, in conjunction with 
Schmid, Hiltneji, and Hotter (I ) Whether the species should be divided 
merely into races or varieties, as advocated by the observers just named ; or 
whether we should here speak of different species in the sense used by naturalists, 
and consequently express them by different specific names, as was attempted, e g, 
by A. Schneider (I.), is a point of remote impoitance. Bbyerinok (XV.) has 
also become a conveit to this view, having been unsuccessful in inducing the 
formation of nodules in V^c^a Faha by means of bacterial cultures from those of 
Onnthopm, On this point an interesting discovery was made by Nobbe, 
Hiltner, and Schmid (I ), according to whom the bacteria from any given species 
of LeguminoscB produce the most plmtifvl development of root-noJules in the 
shortest time when applied to other plants of the sa/me epecxea^ the potency 
diminishing m the case of plants ot merely allied species, and finally becoming ml 
when a greater specific difference exists between the orjgmal plant and the one 
inoculated The various separate species (or varieties) of the nodule bacteria 
can, to a certain extent, therefore replace one another. Thus, those of the pea 
are also efficacious for all the examined species of the genera Vxcfia and Phaseolus^ 
hut, on the other hand, without effect on Rohxma, Ormihopus, red clover, 
kidney vetch, and other clovers Those of Rohima form nodules only on Phaaeolus 
and a tew species of tte genus Tmfohum, Finally, according to the research^ 
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of F. Nobbb, E. Sohmid, L. Hiltner, and E. Hotter (II ), the nodule bacteria of 
ElcEognua differ greatly from those of Ltgyminosm, 

These observations are also of importance to practical agriculture. Already, 
for several years past, soils intended to be brought under cultivation (e g, high 
moorland soils) for the growth of nitrogen- collecting plants are pieviously 
inoculated, % e, strewn with a little earth from fields that have borne leguminous 
plants for a long time, and are consequently rich in nodule-forming bacteria. 
For this inoculation to have the desired result, it is necessary to use earth 
containing the bacterial species most efficient for the kind of Legurmnoaca to be 
afterwards grown. Practical experience on the importance of this consideration 
is already available Thus Salfeld (I ) has reported that a similar soil intended 
for peas could not be rendered capable of yielding a crop unless strewn with a 
little soil obtained from a good pea-field, soil from a lupin-field fading to produce 
the desired effect. A similar discovery was made by M. Fleischer (I ). This 
treatment must, of course, be preceded by any improvement found necessary in 
the chemical composition of the sod. Thus, for example, sour moorland must 
previously be limed, in order to neutralise the acids preventing the development 
of the nodule bacteria. Moreover, this operation must be performed with 
discretion, an excessive addition of lime being avoided Reference may be made 

on this pomt to a communication by Tackb, 
Immendorf, Hessbnland, SoHtTTK ond 
Minbsen (I.). 

§ 195.— The Bacteroids. 



The bacteria in question are often met 
with in air and water, and very frequently 
in the sod. Nobbe, Schmid, Hiltnbe, and 
Hotter (I.) made several quantitative bac- 
tenological mvestigations on this pomt. The 
bacteria pass from the soil into the roots of 
such plants as will admit them. The first 
successful, artificial production of nodules 
by the aid of pure cultures was made by 
A Prazmowbki (IY.). This worker, m 
view of the absence of the sporogenic 
faculty in these organisms, changed the 
name of Bacilhis radicicola, bestowed on 
them by Beyennck, into Bactenwrrb radici- 
cola According to his observations, this 
fission fungus penetrates the epidernial cells 
of the root-hairs, and there develops to a 
colony which then surrounds itself with a 
„ , ^ * T. . tough membrane. Fiom this original posi- 

XiiclGOT stainin'; with I per cent chromlo acid ° j 

and mctbyiene blue, k the nucleus with tion there branches out a lustrous sac, lUIecl 
Its nucleolus (lying In a vacuole) ,f the with bacteiua, which turns towaids the bark 

^ bi’anches out amongst them. As 

a result of this advance towards the centre 
of the root-hair, the cells thereof are incited 
to rapid increase and become densely 
crowded, in consequence of which they assume a polygonal outline, and constitute 
the bacteroidal tissue already mentioned (Fig 62) The plasma of these cells, 
with its fungoid enclosures, has been termed mycoplasina by A. B, Frank (YI ). 
^ Before tracmg the career of the bacteria any fui-theiv, a few explanatory 


Fjg 


62 — Section throngU tLu bacteroidal 
tissue of Lathyms syh estrls 


infection- threads, mi the mlcrosomes of 
the cytoplasma , am. starch granules , 
largo central vacuole , bud the hactcrolds 
Slagu 400 {AJter Beyennck ) 
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words must be added concerning their mode of arrangement (already referred to 
as a sac ”) at the time of penetration into the cells The^e branching bacterial 
colonies, enveloped, as has been stated, m a membrane, were for a long time 
misunderstood. Beyeiinck at first considered them os the surplus matter from 
the division of the nucleus of the nodule-cells {Kemtomienfaden) By other 
workers they were styled mucus threads, fungoid hyphse, plasmodial cords, &c. 
Frank, for a long time, held them to be the mycelium of an independent higher 
fungus, differing from the nodule bacteria and belonging to the genus Schmzia^ 
and consequently named them Scht'ivsm legvminosarvm* Subsequently Frank, 
by the new name infection threads, indicated their true nature, first recognised 
'by Prazmowski, Frank, moreover, m his studies on the immigration of the 
nodule bacteria in the root, ariived at results diffenng in several points from 
those of Prazmowski. We cannot, however, go further into this matter, which 
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IS one more of botanical than mycological interest. He also discarded the name 
bestowed on these loot-d welling organisms by Beyennck in favour of the term 
Ehizobvimh leguminoaarum The integument of the threads is not, as erroneously 
opined by Frank, a product of the plasma of the nodule-cells, but is formed by 
the union of the swollen membranes of the outer layers of the bacteria con- 
stituting these filamentous colomea (or zooglma). As was shown by A. Eocn (lY .) 
and M. W. Bicyerinck (XVI ), it is stained blue by zinc lodo-chloride, and 
therefore consists ot a substance allied to cellulose. The structure and progiess 
of the infection threads 111 the nodule-cells can be readily recognised m sectional 
preparations, stained by a solution of equal pails of fuchsine and methyl violet 
in I per cent acetic acid This colours the plasmal contents and membrane of 
the nodule-cells hhte^ the bacteria of the infection threads being stained 
whilst the membrane of the latter remains uncoloured It should be mentioned, 
in conclusion, that these threads of capsuled bacterial colonies are but rarely 
found m the nodules of lupins. 

The bacteria which have gained access now develop in the cells of the 
bacteroidal tissue, and, finally, undei the influence of the surrounding protoplasm, 
become modified into involution forms termed bacteioids, rich in albumen and no 
longer capable of reproduction This morphological change is represented in 
Fig 63, in an example taken from the nodule of Vicia satvia shown in Fig 60. 

A section cut near the lower extremity meets the youngest menstem, where 
only Song rods (u) in# high state of development are to be seen. A little higl^r 
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Up, in older layers (i;), the comuiencement of branching la already discerniblef| 
and is found in a more for^vard state in a still higher position (a) Finally, 
a section across the cells of the inteinal tissue of the nodule in the direction y ^ 
(Fig, 6o), none but variously shaped bacteroids {y) for the most part united to 
form reticulated bands (shown in Fig 64) occur After attaining this condition 
the bacteroids are soon dissolved by the surrounding cell plasma and disappear. 
However, before this occurs, small globular vesicles of an unknown nature, which, 
however, should not be regarded as endospores, not infrequently appear in the 
interior of this formation Little can as yet be said of the chemical composition 
of the contents of these baxiteroids Micro-ohemical reactions, however, indicate 
that the greater part is composed of albumen. Certain enclosures are also 
frequently observed, A. B. Frank for instance, having noticed such 

bodies in the bacteroids of indmdu^ nodules of peas He regarded them as 
amylodextrm, the discovery leading him to the opinion that two kinds of nodules 
develop on these PapiliooiamB , albumen nodules and amylodextrm nodules A 
subsequent investigation of this matter by H MOllbr (I ) showed, however, 
that these doubtful enclosures do not consist of carbohydrates, but of waxy 
or fatty substances, that they are also to be found in the bacteroids of the 
“ albumen nodules ” , and that, moreover, there is but little probabihty of the 
existence of dimorphism in the root-nodules of the pea, since these enclosures 
are also occasionally met with m the bacteroids of the nodules of other Legu- 
TYi/moBCB [e.g, Tr%foliv/ni repem) 

Oonourrently with the reproduction and transformation of the bactena 
marches the development of the nodule, which not only mcreases m size, but 
also becomes richer m nitrogenous compounds This gradual increase in the 
percentage of combined nitrogen in the nodules and the relative proportion of 
this substance there present, as compared with other parts of the root, were 
quantitatively investigated by J. Stoklasa (TI.) From his results a few 
figures have been collected mto the subjoined tables, which refer to yellow 
lupins ' — 


Nltrogoa Content In tlie Dry 

Matter from — 

At Flowoiing 
Time 

At Fructifl- 
catloBu 

In Mly 

Elpe Fruit 

Root-nodules . 

Roots free from nodules . 

Per Cent. 

5 2 

I 6 

Per Gout 

2 6 

I 8 

Per Cent. 

I 7 

I 4 


That this nitrogen of the nodules was chiefly in the form of albumen is 
revealed by the following table — 


Percentage Content ol the Dry 
Snl)stance of the Nodules 

In Nitrogen as — 

Albumen. 

Amides 

Asx^aragln 


Per Cent 

Per Cent 

Pur Ceut 

Flowering time 

3 99 

03s 

034 

Ripened fruit 

I 54 

0 IS 

tiaues 


The figures just given are surpassed m two analyses made by A. B Frank 
according to which a few of the pea nodules examined by him contamed 6.94 pe 
cqjtxt., and those from the dwarf bean 7.44 per cent, of nitrqgen, corresponding— 
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on the basis of the factor 6.25 — to an albumen content of 43 4 and 46.5 per cent. 
Aa ^ already remarked, the bacteroida — which, when they exhibit the aforesaid 
vesicles, are frequently termed vesicular bacteroida — are finally dissolved by the 
surrounding plasma, which is thus enriched with albuminoids, and is then diffused 
through the plant The cell contents of the (formerly reddish but now greenish 
grey) bacteroidal tissue gradually vanish and are dispersed into other parts of 
the plant, and the nodule consequently shrivels up. The commencement of this 
process of evacuation of the cells is indicated by the appearance of a central 
vacuole of gradually increasing 'size (Fig. 62). 

Neither the transition of the nodule bacteria into bacteroids, nor the final 
dissolution of the latter, goes on simultaneously in all parts of the individual 
nodules, which, moreover, are themselves of different ages. Some of the bacteria 
escape the converting infiuence of the cell plasma by remaining within the 
protecting mucinous capsule (membrane) of the infection threads. Hence, it 
happens that in the autumn large numbers of the bacteria are still present in 
an active condition within the nodules In the subsequent putrefaction of the 
latter the organisms are set at liberty, pass the winter m the soil, and then act 
again as nodule-formers in the following spring. 

The bacteroid stage is not reached in every case, the plasma of the nodule 
cells bemg unable in many instances to utilise the microbes. In such event it 
swarms with bacteria alone, which then act solely as parasites towards their 
host, and consequently the latter derives little or no benefit from the formation 
of nodules. This phenomenon is termed by Beyennck overgrowth of 

bacteria ” According to the observations of Nobbb and Hiltner (I ), it occurs 
when the inoculation is performed with bacteria that have been grown on 
artificial media for a long time 

§ 196.—Clostpidium Pasteupianum. 

The fact recorded in § 194, that absorption of nitrogen is not effected by 
the superior (aerial) parts of the LegwmnoscB^ led us to investigate the root 
nodules more closely. We then observed that the possession of these appendages 
enables the plant to grow well and ripen even in soils destitute of nitrogen, 
and we furthermore learnt that the production of these nodules is directly 
connected with the activity of certain special bacteria — the nodule bacteria 
However important and satisfactory this result may be to agricultural practice, 
it still leaves unsolved the (from a theoretical standpoint) main question, “ By 
what IS the free nitrogen fixed ? Is this effected by the nodule bacteria 
themselves, or do they merely exert a stimulative action on the plasma they 
inhabit, which is thereby empowered or spurred to unwonted activity ? 

The latter question cannot be answered by experimental means, since for 
that purpose the chemical activity of the bacteria would need to be eliminated 
and only their assumed stimulating action allowed to operate. However, the 
wished-for decision may be expected from the experimental solution of the 
previous question, and attempts may therefore be made to ascertain whether 
the nodule bacteria are of themselves capable of fixing free nitrogen. On this 
point Bbyerinok (XVII.) has conducted researches in nutrient solutions with 
pure cultures of Bacillus radicicola^ and in this manner ascertained that during 
a period of two months an increase of 9-18 mgrms. of combined mtrogen 
occurred per htre. Nevertheless he considers that this discovery leaves the 
question still undecided, and consequently a repetition and extension of his 
researches in this direction is highly desirable. 

The exercise of the still imperfectly proved capacity of Bacillus radidcola 
forifixing free nit];^g6n is opposed by a considerable obstacle consisting in the 
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accessibility of the interior of the nodule (the chief seat of this fission 
fungus) to the gas to be fixed. A. B Frank (VTII.) has ascertained that the 
air passages (intercellular spaces) of the nodules lead only as fai* as the cambium 
layer, but not into the bacteroidal tissue; consequently .atmospheric nitrogen 
cannot penetrate directly to this tissue. On this point R. Bouquet (I ) has 
expressed an opinion worthy of further investigation. According to him, it 
IS the water absorbed by the roots and exhaled through the leaves which 
conducts and gives up free nitrogen in solution to the root cells, where it is then 
combined by the plasma. 

If, then, we must consider the question, whether the fixation of free 
atmospheric nitrogen is effected within the nodules, to be still imperfectly solved, 
it IB, on the other hand, clearly proved that such an operation goes on in 
(uncultivated) soil. This was first observed by M: Berthelot (I-.) in 1885, and 
he subsequently proved that this phenomenon is not occasioned by exclusively 
chemical affimty, but is due to the activity of micro-organisms. Opimons on the 
nature of the organisms were at first divided. Th Sohloesing, jun , and 
Em. Laurent (I ) ascribed the fixation of nitrogen to certain lower algae 
(Conferva^ OBcUlarta^ NxtzscMa), and mosses (JJrywwi^ Leptoh'yum) Doubt was 
cast on this hypothesis by A Q-autier and R. Drouin (I.), and P Kossowitsch 
(II ) disproved it — so far as the algse are concerned — by the aid of pure 
cultures. Berthelot (II.) then showed that the activity of fungi — both 
Eumycetea (such as Aspergilhis mger^ Alt&rnavia tenv/is, ifec.) and Sch'izomycetes— 
is in question. 

For more precise investigations on this matter we have to thank S. Wino 
GRAUSKY (II.)» who described a fission fungus belonging to the group of butyric 
acid bacteria, and bearing the name of Clostridium Pasteurmnum This occun 
in the form of rods, 1 2 }jl broad and 5 fi long, each producing an endospore 
the cells thereby swelling up to the clostndium form, and stormg up in theu 
interior (though not at both poles) substances that are stained a deep blue-blacli 
by iodine. The ripe spore escapes through the wall of the mother-cell m s 
longitudinal direction. The great resemblance between this clostndium and 
the butyric acid bacteria described in a previous section is not only morphological 
but also extends to the fermentative capacity For example, Clostridvm, 
Pasteurianum acts on sugar in such a manner that both volatile acids butyric 
acid and acetic acid (4 i), and gases carbon dioxide and hydrogen (60-7 c 

per cent of H by volume) are formed The importance to us of this fissior 
fungus on the present occjasion consists in its behavioui towards nitrogen 
which gas it absorbs from the atmosphere, fixes it and employs it in the elaboratioi 
of organic substances. The energy necessary thereto is supplied and liberatec 
by the decomposition of sugar ; consequently it is easy to understand that f 
definite relation exists between the amounts of sugar fermented and of nitrogei 
combined. This ratio was determined by Winogradsky as 2 5-3 mgrms, 0 
nitrogen to 1000 mgrms. of dextrose. This element (N.) when in a state 0 
combination is not only valueless to Glosi/ndium Pasteurianum, but whei 
present in large quantity even injurious thereto For the cultivation of th« 
microbe — which cannot be carried out on the ordmary nutrient media (gelatin 
bouillon) in use, though it grows on sliced potatoes — use is made, pr^erably 
of an aqueous solution containing i gram XgPO^, o 5 gram MgSO^, o oi-o 02 gran 
Na01,FeS0^,MnS04, a httle OaOOg (for fixing the acids), and 20-40 grams 0 
dextrose per litre. Clostridium Pasteurianum is strictly anaerobic, and in th 
soil is therefore obliged to T^ly on the co-operation of aerobic fission fungi 
which, remove the injurious oxygen from its sphere of influence, surround 1 
with an atmosphere of nitrogen, and as a reward for this service have th 
ojjportunity of consuming the nitrogenous substances elaborated and exdrete< 
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by the Clostridium, Wioogradsky observed two species of sucli assistant 
organisms, detailed mention of which can, however, be omitted, it being sufficient 
for oTir purpose to have referred to this new case of symbiosis. 

Whether the just-named faculty of fixing nitrogen is also possessed by the 
organisms akin to Clostridium Pastmrianum^ e g Prazmowaki^s Closti'idium 
hutyricum^ still remains undermined, Winogradsky (III.) examined fifteen 
species of soil bacteria in this connection, with only negative results In the 
higher fungi K. PuRrEWirsoH (I.), in an improved continuation of Berthelot's 
researches, showed that both Aspergillus mger and Pemcillium glaucum fix free 
nitrogen. Their potency is, however, but shght, and is not to be compared 
with that of Clostridium Pasteu/nanum, since it is not manifested in media 
devoid of nitrogen . According to H. Jumelle (T.), Spn/nllum luteum^ also, is 
capable of thriying in media free from nitrogen 

The proof of the fact that the fixation of free nitrogen occurs in the soil 
affords a new possible explanation of the activity of the nodule bacteria of the 
Leguminosm^ viz , that the actual absorption of the free nitrogen goes on outside 
these root formations ; substances unassimilable by higher plants being formed, 
and then converted into an assimilable form by the nodule bacteria. This 
provisional interpretation, which will not encroach on future research, is not 
without its analogies ; one need only recall the Mycorhiza^ discovered by Frank 
on the rootlets of the majority ot forest trees [CujyuZifei'(e^ ComfercB), heaths 
[Ericacece)^ <fec , and in regard to which the most important discoveries made up 
to the year 1888 will be found briefly reviewed in a treatise by F. Beneoke (IT ). 

The great importance to General Physiology of the reaeaiches reported 
above will be readily appreciated, since they have brought to our knowledge 
organisms which dispense with combined nitrogen as a food-stufi:’, and are 
consequently of the greatest importance in the economy of Nature, by revealing 
the means for maintaining the circulation of nitrogen. Large quantities of 
this element are daily liberated by the activity of both de-nitrifymg and nitrifying 
bacteria, and restored to the atmosphere, the result being that the stock of 
nitrogenous compounds, so essential to the nutrition of all other plants and all 
animals, becomes reduced To compensate and reverse this loss is the task of 
the nitrogen-fixmg fungi, which, for this reason, must be regarded as the 
benefactors and foster-mothers of all other living creatures 



SECTION IX. 

OXIDISING FERMENTATIONS. 


CHAPTER XXX IV. 

THE IRON BACTERIA. 

§ 197.— Morphology of the Genera Crenothrix and Cladothrix. 

The group of SchizomyceUa known as thread bacteria can be divided into tv 
sub-groups. To the one of these belong the two genera (described in the follov 
ing chapter) which store up globules of free sulphur in their cells. T 1 
appearance of these organisms is so characteristic that a skilled eye can dete 
them with ease. On the other hand, the five genera of the second sub-groi 
lack this peculiarity In three of these latter, viz , Streptothrix, Leptoihnon^ ai 
Gladothrxx, the fi^ion of the cell takes place in one direction only, co 
sequently, rods are formed. In the other two, however, viz , Grmothnx ai 
Phragmid%othr%x^ the extremity of the thread is broken up, bj division in i 
three directions of space, into coccus-like cells No perfectly satisfactory morph 
logical description, or definite separation of these five genera into species, h 
yet been drawn up on this basis. This defect — to which reference has also be 
made by 0 . Sa^uvageaxt and* M Radais (I )— therefore restricts us to the co 
sideration of individual examples A typical one is afforded by Ormoth 
polyspora. This thread bacterium was first described by F Oohn (XT ) in 185 
and was subsequently also named Crenothrix Kuhmana It is illustrated 
I'lg- 65, which shows that the threads are sessile, each of them consisting of 
single row of short cells held together by a common tubular integument, call 
a sheath. This latter is formed by the splitting of the cell membrane into t 
layers, the outer one of each cell becoming merged into the adjacent membrai 
above and below, and thus forming a uniform tube m which the cells can m( 
up and down. The threads are not cylmdrical, but increase m diameter fr 
about half-way along their length towards the free end, so that the cross-sectio 
diameter vanes from i 5 to 5 /x. Moreover, as may be seen from the figure, i 
various segments of the thread are of unequal length As the cells multi 
rapidly, the upper members are forced out of the sheath, but are, for the m 
part, already subdivided — by the development of partition walls in all th 
directions of space — into small rounded cells, which thereupon make tl 
escape. The new cells vary in size according to the rapidity of this proces* 
subdivisioE, and are correspondingly distinguished by Zopf as micrococci 
and macrococci (<7) (Fig 65). Oohn proposed the terms microgonidia i 
macrogomdia, because their method of formation bears a slight apparent 
semblance to the endosporea (known as gonidia) of certain Exunycetes, v 
which we shall become acquamted in the second volume The dimensions of tl 
cocci vary between i p and 6 /i. Their cell-waUa swell up readily, and unit 
form zoogloea (/) up to i cm. in diameter Under favourable conditions 
oocoi then grow, by repeated subdivision and sheath-formation, mto th%thr 
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forms alrsady described. Zopf (VI.) observed that in many cases this occurs 
before they have quitted the sheath of the parent thread , and in this manner 
tufted forms, similar to that shown in Fig 66, are produced. Otherwise, the 
sheath is gradually emptied of 
its contents, and then collapses ff ^ ^ 

hmply and withers up. 

If we disregard the excep- 
tions ]ust named, wherein the 
germination of the cocci pro- 
ceeds withm the parent thread, 
and so causes it to present a 
branched appearance, it may be 
said that the genus Crenotknx 
appears only in the form of 
single, unbranched, filamentous 
chains of cells. This chaiac- 
tenstio suffices to distinguish 
this genus from that bearing 
the name of Cladothn^, the 
best-known species of which is 
Gladothrub diohoLoma As this 
name implies’, we have here to 
do with a forked thread, such 
as shown in Fig. 67 This 
false branching is produced in 
the following manner — One 
of the rod-shaped joints of 
the thread turns aside, and, 
growing beyond its next higher 
neighbouring cell, repeatedly 
subdivides and forms a new 
thread, on which a similar false 
branching may also develop. 

Hence theie ensues a forma- 
tion the internal structure of 
which is represented diagram- 
matically in Fig 68. In many 
species (not depicted here) 
the sheath becomes greatly 
thickened at the base, where 
it attains a diameter many 
times ezceediBg that of the Fio 6s -c.onotMx poiyspo™ 

cells It encloses but tapers off thread form, of atflei out dloanete. 
gradually towards tne Ii ee ex- macrococcl, and r micrococci splittlngr off Magn about 
tremity Gladothrix dwhotoma 600 

also differs from the above- leproduotlon of tho ooMi,/ colony (zoogloea) of rocol, 
, . g same, uaLural eizo, h same be^nnlnjj to germinate 

mentioned thread baoteiia in Mngn 600. {After Zo^) 

another important particular, 

VIZ., by the production of rod-shaped roving cells, called rod-gonidia, which 
develop at the extremity of the threads, and, after being initially embedded m 
the swollen sheath (Fig 69), are liberated, wander about, and finally settle down 
to form new threads by subdivision and sheath-formation. 

Allied to Cladothrvc diohotonia — though not, as Zopf (V"II ) opined, belonging 
to the» morphological ^ycle of this organism — is Leptotharix oohra^a^ which w^ 
I * s ♦ 
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first described by Kutzmg. A second sheath-forming thread bacterium, alhed 
to the genus Cladothnx, was also examined by him, ahd named Sphceroidua naU^ 
It is still too imperfectly known to be dilated upon hei e, although Ed Eidam {II ) 



also occupied lumself with it Associated with this colourless species is a secoi 
(coloured) species, discovered by W. Zopp (VIII.) m a Sdesian river receivu 
the drainage from a sugar-works. The 'cells of this, Sphcerottlus roams, conta 
a yellow and a red colounng-matter, which circumstance is of itself sufficient 
difitmgmsh it from all other ^ (colourless) species of thread bacteria hithei 
mentioned. ^ ^ 

r 
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The genus PhragTindiothnx^ one species of which — FK •rrmltiseptata — was 
discovered by Englea (I.) in^ the so-called ‘‘dead ground” of the Bay of Kiel, 
differs from ^1 the foregoing in the absence of sheath formation 


§ 198.— Physiology of the Iron Bacteria. 

It is nob always possible to discern the structure of these thread bacteria 
without some preliminary treatment, because in most cases the sheaths are 



Eig 67 — Gladotliri2£ dlcliotomiu Fig 68 

Portlou ()I a tliread with HOvcial bmnchin^r forks Dlagnun of the falsa brauGhbig of 

Stained with fuohslno solution, and tlins roveal- Clodothrix. 

ingf the ortloulatiou Into lon^ rods. Mogfu. 

S 40 . (4/5fer Zo^) 

surrounded and permeated by red-brown masses of feme oxide. These deposits 
and accumulations are characteristic of these plants, and facilitate their detection 
and discovery. Since other fungi exposed to the same conditions do not 
exhibit this peculiarity, Oohn formed the opinion that its occurrence is mtimately 
connected with the vital activity of the thread bacteria, the ferric oxide being 
deposited in their sheathing in the same way that silica is accumulated in the 
plates of the diatoms We are indebted to S Winogradsky (IY ) for proving 
the con’ectness of this view, and for refuting the opinion of Zopf that the deposi- 
tion IS purely mechanical , and we have to thank the same observer for the more 
intimate mvestigation of the process m question. 

Th»species polyspora^ Cladoth'ixdickoitma^ LeptUlinx ochracea^kc , 
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occur in particular abundance m such waters as are rich in iron, not m the foij^ 
of oxide, but as the soluble bicarbonate of the protoxide, FeH3(003)j FerrugifiH 
ous springs, ascending from the deeper strata of the rocks, bring up this substano^ 

in a ready-formed state, and in the water of tht 
upper strata it is produced by the decomposition of 
vegetable mattei*, the iron, both in this and in th€ 
water itself, being converted during cellulose fermen 
tation into the hydrocarbonate. This compound ii 
then absorbed by osmosis into the bacterial cell, when 
it IS spht up by the plasma and oxidised, according t< 
the equation — 

2 Fe 003 + sHgO + 0 = Fo2(OH)q + 200a 

The feme oxide is then stored up in the sheath, t* 
which it imparts a coloration, initially pale yellow bu 
gradually changing to dark brown. Freshly preoipi 
no 69 tated feme hydroxide is, as we know, somewha 

ciadothiix dichotoma soluble in water, but afterwards gradually passe 
SubdiviBion into loving rods at tiiG mto a condition in which it IS only attackable b 
oxtiemity of a ttrond s the weak acids This change can be traced m the youn 
bacteria, the colourmg-matter in the yellow sheat 
(c) Magn looa (4fier A being at first extractible by washing with wate 
Fiacher) Cilia Btniuing containing 00 , in solution Subsequently, however 
dilute hydrochloric acid must be lesorted to, an 
at a still later stage even this solvent is powerless to extract the brown deposi 
A very fine and fast blue stain can be produced in young sheaths (the iron i 
which is still soluble in acid) by exposing them to a mixtwre of hydrochloric aci 
and yellow prussiate (potassium ferrocyanide), whereby the hydroxide is dissolve) 
immediately converted into Berlin blue, and re-precipitated. In older threac 
the deposits of feme oxide increase to a thick incrustation, and entirely conce. 
the structure of the cells 

Winogradsky discovered that these bacteria thrive only when ferrous carbon a 
is available, and that growth is arrested directly the nutrient medium contaii 
no iron, or only ii’on m the condition of oxide This fact entails the conclusic 
that the life of these bacteria is mainly sustained by the energy libeiated duni 
the oxidation of ferrous oxide to feme oxide. Oonseqiiently, these organisn 
rightly deserve their name of “ iron bacteria.” Accordiug to the discoveries 
H Molisoh (I.), iron can be replaced m this oxidation process by the chemical 
allied metal manganese. These bacteria require but a very small quantity 
other nutrient materials, on addition of, e y a few thousandths of i per cent, 
sodium acetate to ferruginous water being entirely sufficient to bring them 
a state of perfect development. This inexigency is also indicated by t 
observation, made by 0 . ROssler (T ), that Gladoth/nx polysporci can be grov 
on bricks moistened with a little ferrous sulphate solution. In 1894 M. Busq 
(I.) succeeded in obtaining pure cultures of Cladothnx dichotoma on gelatin. 

The decomposing power of these organisms is very great, the amount 
ferrous oxide oxidised by the cells being a high multiple of their own weigl 
This high chemical energy on the one hand, and the inexactmg demands in t 
shape of food on the other, secure to these bacteria an important part m t 
economy of Nature , the enormous deposits of ferruginous ochre and bog-ir 
ore, and probably certain manganese ores as well, bemg the result of the activ: 
of the iron bacteria 

Moreover, they make their presence evident not only in natural water basu 
,Jiut in all other places where water rich in iron is torbe found in qflanti 
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Oonsequently, these organiama may develop into an actual nuisance to water- 
technicists by penetrating into the clarifying reservoirs and delivery pipes, and 
there growing so vigorously as to completely obstruct the passage of the water, 
and thus interrupt the service of distribution Many towns deriving their 
water-supply from a soil or river water rich in iron have suffered from this 
nuisance ; Lille, for example, as reported by Giaud (III ), and Berhn, as 
mentioned by W. Zopf in his , treatise already referred to. In the waterworks 
at Lake Tegel, from which the greater part of Berlin derives its supply, these 
bacteria (and especially the “well-pest,” Qrenothrix polyspora) flourished so 
luxuriantly that they constituted more than one-half of the layer of sediment 
(about forty inches in depth) gradually collecting at the bottom of the reservoirs 
One means of obviating this nuisance (although not practicable on a small scale) 
IS by freeing the water from its content of ferrous oxide, for which purpose 
P. WoLTEHiNG and A. Sassen (I.) recommended a method (which is said i 
answer) consisting in passing the water through coke towers where the ferroi 
oxide is converted into ferric oxide, the latter being: then removed by suitable 
strainers. 

Finally, Cladoih'rvx od(M^fera merits brief consideration. Every one is 
acquainted with the peculiar smell of the soil, more particularly when moist, 
e.g, after a brief shower of ram. According to the researches M Bbrthelch 
and G Andej& (I.), this odour is due to a neutral organic compound, present in 
the soil and volatilising at the same time as water vapour. The producer ot 
this (not yet precisely identified) compound has now been recognised by Rtjllmann 
(I.) m a new species of bacterium, viz , Cladothnx odorifera. It occurs along 
with CL diohotoma in the soil, and, like the latter organism, can be cultivated 
on nutrient gelatin ; but whereas the colonies of CL dichotoma are inodorous, 
liquefoctive, and turn the substratum brown in a short time (two days), those 
of CL odonfera, on the other hand, retain their chalky white appearance and 
evolve the aforesaid earthy smell B.ullmann (II ) also found that this species 
IS capable of withstanding the influence of drought and poisons, bemg able to 
bear exposure for twenty-four hours to a i 1000 solution of corrosive sublimate. 
Like its aforesaid congener, Cl. odonfefra possesses considerable oxidising power, 
though this IS manifested by the transformation of ammonia into nitric acid, 
and not by the conversion of ferrous into ferric oxide. This mode of action 
is not peculiar to this organism alone, but is shared in a still higher degree by 
a group of bacteria whose acquaintance we shall make in chapter xxxvi. 

The iron bacteria are not the only Schv^iomycetes capable of liberating the 
energy necessary for the maintenance of their existeoce from inorganic bodies. 
In the next two chapters we shall make the acquaintance of fresh natural groups 
and other processes similar to those described ; thus justifyiog the title of this 
concluding section. 



CHAPTER XXXV. 


THE SULPHUR BACTERIA. 

§ 199.— Morphology of the Genus Beggiatoa. 

Tna sulphtir bacteria, so called on account of their peculiar properties, difft 
both m structure and external appearance from the filamentous bacteria describe 
in the preceding chapter. They may be divided into two sub-groups, one < 
which forms the species classified by Engelmann as purple bacteria, and alread 
noticed in chapter xiu. on account of their behaviour towards light. The oth< 
sub-group of the sulphur bacteria, which assume the form of long threads, wi 
now be described. 

It will be useful to preface this description with a few hints concerning art 
ficial cultivation and reproduction for the purposes of investigation. The sulphi 
bacteria are seldom absent m marsh water, although their number is frequent 
so small as to elude the inquiring eye of the microscopist. In order to cau 
them to increase, the conditions of the environment must be rendered favourabl 
and with this object the simple method proposed by their careful observer, 
WiNOGHADSKY (V ), IS employed. A few cuttings of the fresh root-stock of tl 
flowering rush, Butcmiua vmhellatm (found in every pond, and by no means raj 
on nver banks), are placed, along with the adherent mud, in a deep vessel co 
taining 3-5 litres (about a gallon) of water, a couple of grams of gypsum beii 
added, and the whole left to stand uncovered at room temperature. After fi 
to seven days the liberation of sulphuretted hydrogen will already be noticeab] 
the gas being disengaged by various species of fiasion fungi present in the mi 
and acting on the gypsum. In this manner the ground is prepared for t] 
sulphur bacteria also present, and the latter then develop rapidly. At the ei 
of three to six weeks their pressence can be ascertained by the aid of the mici 
scope, and they gradually increase to such an extent as to be recognisable by t 
unassisted eye. Generally, this diversified mixture of sulphur bacteria is n 
deficient in the red species as well, but the colourless long thread forms are me 
plentiful. 

Two genera were more closely investigated by Wmogradsky The one 
these bears the name of Beggiatoa, given by Trevisan (I ) in 1842 in honour 
the Italian physician F. S. Beggiato of Vicenza,, who, in 1838, published a coi 
munication on the flora of the sulphur springs of the Euganean Hills, near Padi 
The species of this genus occur afl actively motile cylindrical filaments, whi 
may attain a length of i c m and more The breadth is always constant in ea 
separate species, and thus affords a means for differentiating between the 
Under favourable conditions of nutrition, and especially in presence of s 
phuretted hydrogen, the interior of the individual threads (Fig, 70 a) is seen 
be well stocked with roundish, highly refractive granules, ^.e. the sulph 
granules described later on In this condition the transverse cell waJls f 
indiscernible or only detected with difficulty, as will be gathered from Fig. 7c 
which shows the same thread after it has lost its enclosed sulphur granules b 
long sojourn m water devoid of sulphuretted hydrogen Moreover, the len^ 
of the cells varies m the different species If this organism be deprived of t 
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said gas, which is indispensable to its continued existence, then the threads 
begin to break up (Fig. 71), the contents — except a thin coating attached to the 
walls — vanish, and they finally perish. No success has attended the search for 
spore formation in the Beggmtoa, The most abundant species of this genus is 
Begq%atoa the threads of which are 2.8-2 9 /u in thicknes'^, whilst the length 
of the individual members vanes between 2 9 and 5 8 /a, the shortest of them 
being thus symmetrical. A second species, with a diameter of i 6-1 7 /i, the 
length of the separate cells being 4-8.5 yx, has been named Beggiatoanied'ia , and 



Fio 70 — Bojjgloton alba 

Tlio same portion of thread under dlflPcicnt 
condltlonfl of cxiatonce 

cz in n inodlnm rich in IlgS , tho thread la deuaely 
packed with snlpTiur gi nimlea , b aftoi twenty- 
four Iioiira’ sojourn In a liquid devoid of HgS , 
only a few siilphm gianulea remain, c at tlio 
end of a farther forty-eight lioura , Biilphiir 
totally dlHapptMireihtmnBverao walls now vlalhlo, 
contents of Individual cells granulated Mogn 
900 i After Wimograihly ') 



Fia 71 — Begglfttoa alba. 

Moilbnnd through lack of HgS Thread falling- 
apart Into Its short members, which thereupon 
nssiuno a rounded form. Mogn 900 {After 
Winogradsky ) 
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Kra 72 — Terminal portion of ihreada of (x) 
Ueggiatoa media and (y) B minima 
Magn 900 {After Winog-iodaky ) 


a third kind, whose diameter is only o 8 /x, is called Beggiatoa minima Both 
these species are shown in Fig 72, magnified to the same extent as the first- 
named species In addition to these there is still a large number of species 
whose threads vary in diameter between the above limits. Oom pared with all 
these the Beggiatoa miiohilia noted by Oohn (XII ), Warming, and Engler, but 
not yet more minutely examined, the threads of which are said to attain a 
breadth of 30 is gigantic. Acooi ding to Winogradsky, the breadth of the cells 
of any given species is — to emphasise this point once more — unalterable. 

The growth of these Schizomycetea is veiy alow, a thread requiring at least 
twenty-four hours to double its length. They are extremely susceptible, even 
merely the grip of the forceps being fatal. For this reason they have to be 
sucked up by means of a small tube, for purposes of examination, and protected 
from the pressure of the cover-glass by introducing splinters of glass, &c., into 
the liquid. 


THE SULPHUR BACITRIA 


§ 200.— The Species of the Genus Thiothrix, 

■which has been newly established by Winogradsky, differ from Beggiaioa by thfi 
absence of free motility, they being sessile, i.e. attaching themselves at one 
^ ^ extremity by means of a mucinous sucker to the walls of 

B culture vessel, the cover-glass of the microscopical 

® ™ E preparation, to atones, remains of plants, and similar 

Is (quiescent substrata in the situations where they occur 

m 1 M 5 whilst the other end extends into and growt 

fLiW yM M ^ liquid. Such a one is shown in Fig. 73. In thifi 
S genus, also, the articulation of the threads is ordinarily 
S concealed by the abundant content of sulphur, but if the 
» wV M latter be washed out with absolute alcohol and the cellt 
stained, with fuchsme, the transverse walls are plainl} 
revealed. The length of the joints gradually increasei 
towards the free end, as will be seen from the subjomec 
measurements given by Winogradsky — Length of joini 
near the point of attachment, 4—8.5 p.\ at the apex 
Fig. 73 —Thlotrlx niyea f*- However, there is no scarcity of considerabb 

Group Ot youuff tiireadi* s^^^rter cells So far as the breadth of the threads 11 
with ouB end flrmiy at- concerned the above conditions are reversed, the threadi 
toohed to the Hubstratum tapering off towards the free end, wherej^for example 
O^dTSbyd^ts) diameter is only 1.5 compared with 2.0 ^ at th. 

900 {JfterWmogradBky.) base. Consequently the cells are more slender toward 
the tip. 

A second characteristic pomt of difference from the genus previously describei 
is the appearance of a (merely alight) sheath, thereby the monbimd member 
are partly held together, whereas the Beggiaioa threads at this stage break int 
short fragments and finely into separate cells 

A third characteristic of the genus Thiothrix is the dislocation (terme 
Gonidia-formation by Winogradsky) of the uppermost joint of the thread Th 
rod-shaped cell, thus loosened from the chain, crawls a short distance along th 
solid substratum, then develops a mucinous sucker and grows into a new threac 
from which in turn conidia subsequently wander and settle in the vicinity, th 
result being the formation of the whitish, tufted, thread colonies characteriat’ 
of Thiothrix 

Here also the thickness of the threads constitutes a criterion for the class 
fication of species One of them, named by Winogradsky Thiothrix nivea^ his 
diameter of 2-2.5 ^ the base, 1.7 p in the middle, and 1.4-1.5 fi at the ti] 
In. a second species the diameter is almost uniformly i o-i.i p. throughout tl 
whole extent of the thread. It is known as Thioihnx tenuis, and is prohab 
identical with a fi'-sion fungus discovered by Engler (I ), in the so-called des 
ground ” of the Bay of Kiel, and which he held to be a Beggiaioa and called Ic 
the specific name B alba var, unwefi^salis. The threads of a third species [Thi 
thnx tenuissima), from a sulphur spring at Adelboden (Switzerland), measu 
only 0.4-0 5 /ti in breadth. W. Zorp (VII ) regarded the sessile sulphur hacter 
as belonging to the morphological cycle of the Beggiaioa, and named the 
“ sessile Beggiatoa," until Winogradsky proved that two distinct genera are he 
in question. 

As will be shown later on, the life of the sulphur bacteria is indissolub 
connected with the presence and availability of free oxygen In the mode 
satisfying their needs in this respect the two genera differ. The Beggiatc 
being endowed with the power of locomotion, can more readily sccomplishn tl 
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object by their ability to proceed at will to the surface of the liquid Conse- 
quently this species gains the upper hand in stagnant or quietly flowing waters, 
in which they search about so eagerly that very little of the oxygen diffusing into 
the water can reach the bottom where the Th%otkr\x species rest. The latter^ 
however, have the advantage in rapid running water, the loose Beggiatoa species 
being washed away by the current. In either event, whitish mucinous masses 
highly characteristic of sulphur springs accumulate in time — e.g those of 
Bareges m the French Pyrenees — and are known in France as hm'egine or 
glainne 

§ 201.— Mopphologry of the Non-Filamentous Sulphur Bacteria. 

Several red species of these organisms are already known to us (§ 91), viz , 
Chromatium [Monas) Oken%%, Monas \Va/rm%ng%%^ Spirillwm ruhrum, Bp voluta/roSj 
Ophidomonas sangituiea, Ehabdomonas rosea These are again shown in Figs 74 to 
78 It was remarked in § 68 that Ray Lankester had assumed all these 



Fig. 74. l^’ra 75 Fia 76 

CliromatlTiin Okeull Rliabdomoiinfl roBfea Monas WnrEnlngll. 

Magn 600 (After F Cohn') Magu 600 (After F Colm^ Mogii 600 (Afte) F, Cohn") 



j^iG 77 — Spli Ilium volntans Fig 78. — OplilUomonua aangnlnea 

Magn 600 (Afte) F Cohn) Mogn 600 (After F Cohn) 

organisms to be merely special forms of one species for which he proposed the 
name Baoteriitmi rubescens. The basis for this assumption was, however, a very 
insufficient one, since it rested principally on the identity (which, moreover, was 
not satisfactorily demonstrated) of the red colouring-matter, peculiar to these 
organisms, and which received from Lankester the name bacterio-purpunn 
This investigator was supported in hia views by Warming (in 1875), 
his part classified a large number ot the red sulphur bacteria examined by him 
into a single species, viz., Baclerium sulfuratvm Zopf (in 1882) went still 
fartjier than either by defining all these organisms as special forma of growth 

% t 
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of a single species of thread bacterium, viz , Begg%(Uoa roaeo^pers^cina^ which, 
under cert€iiii circumstances, was said to appear as long threads (Leptothnx)^ 
and under others as fractions of such threads, viz , as Monas, SpvnUiim, &c , 
capable of developing once more into threads. 

The re- investigation of these discoveries (which were not made with pure 
cultures) by Winogradsky led to the refutation of this assumed vanabihty of 
form, and also to the discovery that the above-named red sulphur bacteria are 
not capable of progressive development, of growmg into thread form. Some 
little doubt still prevails as to the existence of retrogressive development, 
the dismemberment of short cells from filamentous red Beggiatoa species In 
contradiction of Wmogradsky’s statement that the filamentous sulphur bacteria 
{Beggiatoa and ThxoffiTix) are invariably colourless, and consequently cannot 
throw off coloured cells, W. Zopf (YIII ), in a subsequent communication 
(1895), reported the existence of red species which become dismembered 

into short (sulphur-beanng) cells. The question must consequently be considered 
as requiring turther investigation. The results will, however, be chiefly of 
botanico-morphological interest, and will not affect either the firmly established 
theory of the pleomorphism of the Schvaomycetes, or touch the physiology of the 
sulphur bacteria, which latter is the sole property meriting consideration, so 
far as we are concerned So long, however, as Winogradsky’s discoveries remain 
uncontroverted by any thoroughly reliable investigations, his deductions must 
be allowed to stand, viz., that the sulphur bacteiia are not pleomorphic — neither 
the colourless, filamentous genera nor the non-filamentous red genera The 
Russian physiologist described a long senes of species of the latter type, which, 
as they are devoid of special physiological importance, we need not examine 
more minutely It will be sufficient to mention the chief forms 

The aforesaid purple bacteria are only a single sub-group comprising all those 
sulphur bacteria whose living cells are free and capable of locomotion. It is 
divided into three genera, Chromaiiwni, Rkahdochromativm, and Thiospirillmii 
Of these terms the penultimate one is synonymous with Oohn’s Rhahdommim, 
whilst the last one comprises all red sulphur-bearmg spirilla, and consequently 
includes Ehren berg’s OpMdomonas. A contrast to this sub-group of free cells 
is afforded by the species of red sulphur bacteria which are generally united as 
colonies In the genera Thxocyatis and Thiocapsa this union is effected by a 
mucinous sheath, which is absent in Tkiosarcina. In all three cases reprodnction 
occurs by fission in three directions, and the same behaviour is exhibited by the 
genus Lamprocysi/is, which principally differs from the other three in the 
structure of its bag-shaped zoogloea, which is hollow internally, and cousists 
solely of a lattice-hke network. A good representation of this species was given 
by OoHN (II ) who described it, along with other organisms, as Clathrocystis 
roseo-pefrsicina. The genus Thiopedia is characterised by the division of the 
cells in ivjo directions of space, and by the consequent flat colonies In the 
remaining species cell fission occurs jn one direction only. The Amcehohacter 
species are distinguished by an amoeboid movement , those of Thiodictyon owe 
their name to the reticular conjugation of their spindle shaped cells , whilst 
Thbopolycocoiis forms zoogloea of closely crowded cocci. The genus Thiothece is 
distinguishable from all other sulphur bacteria by its particularly thick gelatinous 
sheath. 

A few remarks with regard to the properties of bacterio-purpurin will be 
opportune in this place. The difficulties in the way of preparing a quantity 
sufficient for the performance of a chemical analysis have not even yet been 
overcome ; consequently its chemical composition is still entirely undefined, and 
we cannot yet say with certainty whether the colouring-matter is the same in 
all red sulphur bacteria. This is, however, assumed to be the^ case, on^the 
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ground of the concordant results yielded m separate instances by chemical 
reactions, a few of which are now given. The pigment is insoluble in water or 
ether, but is soluble in cold alcohol (as found by Winogradsky in contradiction of 
Lankester’s report). It is converted, by warming with water and by chloroform, 
into a golden-brown compound, which is changed into brown by hot alcohol, 
hydrochloric acid or acetic acid ; whereas ammonia or caustic potash produces 
no visible change at first, but finally gradually develops a dirty shade ot colour 
Concentrated sulphuric acid changes the red almost instantly into a deep blue , 
which afterwards gradually tones into a brownish green. This reaction resembles 
that set up by tbe same acid with the lipochromes. Bacteno-purpurm is very 
quickly destroyed by oxidising agents (« g, dilute nitric acid or bromine water) 
Iron and manganese appear to favour its production, a conclusion deduced from 
the fact that the addition of the protosulphide of either of these metals to the 
medium results in a much stronger coloration of the cells. The sensitiveness 
of bacteno-purpurm to chemical influences explains the varied change of tone 
produced m the colour in one and the same cell under different external 
conditions, causing it to assume all shades, -from pui’e violet to purple, peach- 
blossom red, rose, orange, brown-red, and brown. With regard to tbe spectrum 
of bacterio-purpurin, examined by Lankester, Warming, and Englemann, details 
have already been given in § 92 

The classification of tbe non-filamentous sulphur bacteria, drawn up by 
Winogradsky and briefly outlined above, received an important extension by 
M. Jegunow’s (III ) discovery that, in addition to tbe red species already 
described, certain colourless non-filamentous sulphur bacteria also occur in 
Nature. Two of these he subjected to a closer physiological examination, which 
will be referred to in the succeeding paragraph. The one of them, indicated as 
species a, occurs as slightly curved motile rods, their breadth varying from 1.4 
to 2.3 /X, and the length between 4.5 and 9 /i For the second species, known 
as /3, the dimensions are 0.6-0. 8 /x and 2 5-5 /x respectively 

§ 202-— Physiologry of the Sulphur Bacteria. 

The true nature of the rounded, highly refractive enclosures present in these 
fission fungi, and attracting the eye of the microscopist, was first recognised by 
Cramer, whose discoveries are noticed in a treatise by 0 MI^ller (I ). It was 
shown in these experiments that these granules behaved exactly like sulphur m 
presence of solvents^ and they were therefore thought to consist of that element. 
F. Cohn’s (II ) extension of these investigations (which were confined to 
Beggiatoa, and were confirmed by J. Mayer-Ahrens) to the red sulphur bacteria 
as well, led to the same result the granules appearing m these coloured 
Schizomyceies, under certain — as yet undefined — conditions, are composed of 
pure sulphur. The teim granules applied to these forms is unsuitable, inasmuch 
as they consist not of solid granular, but (as Winogradsky afterwards proved) of 
oily, amorphous sulphur, the greater part of which is soluble m CS^. However, 
when the enveloping cells are killed, the sulphur granules are gradually changed 
into the crystalline modification of this element. If a few Beggiatoa threads 
nch in these droplets be immersed in concentrated picric acid and left in water, 
a number of very fine monoclinic prismatic plates and rhombic octahedra will 
be found in the threads after a lapse of twenty-four hours, and it will at the 
same time be noticeable that tbe growing crystals have penetrated the adjacent 
cell walls. 

F. Cohn was the first to investigate the origin of these internal constituents, 
which occasionally fill the cell to such an extent os to exceed 90 per cent of its 
wejghc. Stajrting from the fact that the sulphur bacteiia ore only found in 
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abundance in natural waters containing bulphuietted hydrogen, and are, on the 
other hand, almost entirely lacking elsewhere in Nature, he came to the opinion 
that this gas is produced by the reducing action of these fission fungi on the 
sulphates in the water, and that they subsequently reoxidise the gas, sulphur 
being left as a deposit in the cells. In forming this opinion he was chiefly 
influenced by the result of an investigation made by Lothar Meter (I.), who 
kept a sample of sulphur-spnng water (rich in Beggiatoa) from Landeck in 
Silesia for four months in a stoppered fla^, and found that at the end of that 
time it contained five times as much H!jS as at first. The same conclusion as 
deduced by Oohn was also arrived at by E. PLAiraHTr (I ), and by A Etard and 
L Olivibk (I.), This hypothesis, which credited the sulphur bacteria with 
both a reducing and an oxidising capacity, was first thoroughly investigated in 
1886 by S WiNooRADSKT (YI ), who showed that the sulphur bacteria consume 
(mstead of producing) sulphuretted hydrogen , oxidising it and storing up the 
separated sulphur in their cells The amount of these enclosures in the cell is 
larger or smaller according as this process can be earned on with a greater or 
lesser degree of vigour. It depends, theiefore, on external conditions, aud 
consequently cannot be rehed on — as was done previously by various observers 
mter Wmter in Rabenhorst^s Kryptogamm Flm'a ” and by Engler — as 
a charactenstic for the differentiation of species. The sulphur does not 
permanently remam in the cells, but is oxidised by them to sulphunc acid, the 
latter being then absorbed by the carbonates — usually OaB!3,(OOg)j — in the 
water, and converted into sulphates. 

If these Schzomycetes are deprived of sulphuretted hydrogen for a long time, 
they consume their mbernal store of sulphur (which will be exhausted m twenty- 
four to forty-eight hours), and then perish of hunger. This fact demonstrates 
that the sulphur bacteria cannot permanently dispense with sulphuretted 
hydrogen, but that this gas is actually their special (and almost exclusive) source 
of energy. Sulphur, or rather its compound with hydrogen, plays the same part 
towards these organisms as the carbohydrates do towards the majority of Sckizo- 
mycetes , its combustion liberates the energy necessary to the maintenance of 
their vitality According to the observations of Wmogradsky, the individual 
threads of Beggiatoa daily consume from two to four times their own weight of 
the gas. These Schvaomycetee require but little other (organic) nutriment, and in 
fact will not stand very much. This explains, on the one hand, their unusually 
^ slow rate of growth in proportion to the amount of sulphur separated, and, on 
the other, their inabihty to grow in the ordinary nutrient media employed in 
bacteriology e g, on gelatin they perish in a very few minutes Attempts to 
grow them os pure cultures on a large scale have hitherto failed, and the 
physiological facts determined concermng them have all had to be ascertained 
very laboriously by cultivating single organisms in sulphur-water on microscope 
slides. 

The optimum, the maximum supportable, quantity of sulphuretted 
hydrogen in the water is higher m the case of the red sulphur bacteria than 
with the colourless, filamentous species. These latter require less, and in fact 
die instantly if placed in water saturated with the gas, whereas the red kinds 
will stand this degree of concentration very well Consequently, under natural 
conditions, these latter will gam the upper hand in such places where large 
quantities of sulphuretted hydrogen are evolved, either as a result of the decom- 
position of an abundance of orgamc matters (albumen) or by the powerful 
reduction of sulphates. This is the case, for example, in the stagnant shallow 
bays on the Danish Zeeland coast, and the same conditions obtain m the 
Limanes so plentiful along the coast of the Black Sea (e g near Odessa). These 
latter are shallow salt lakes, separated from the open sea merely by a Jow, 
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narrow tongue of land. Their bottom is covered by a thick mud, which owes its 
black colour to the FeS thrown down from the iron compounds in the water 
(and m the plants rotting therein) by the sulphuretted hydrogen generated from 
sulphates by the reducing action of bacteria investigated by E. Brtjsilowskt (I.). 
The red sulphur bacteria are but rarely found m mineral sulphur springs. 
According to Oohn, they have been detected by Morren in the sulphur anrina nf 
Ougr6e, on the Maas ; by Fontane and Jaly, in that at Sales, in the P 
by Meneghini, in that of the Euganean Hills, near Padua ; and by Oohi 
m that of Tivoli, near Rome, 

The existence of the sulphur bacteria is often a very hard one, be 
requires the simultaneous presence and availability of two gases which ne 
one another and become converted into sulphur and watei' — 

S 2 S + 0 SS ETgO + S. 

So that actually the surface of liquids wherein H,S is produced in abundar^ 
the activity of reducing bacteria becomes coated with sulphur formed by i 
chemical means, in accoi dance with the foregoing equation. Now, in oiV 
the sulphur bacteria may be in a position to exert their powers of oxidj 
becomes necessary for them to inhabit certain strata of the liquid betr 
limits where the oxygen can gam access from above and sulphuretted 1 
reach them from below If the liberation of the latter gas goes on bri£ 
level rises, and may ascend to the suiface of the hquid , otherwise it s 
approaches the bottom, where the sulphuretted hydrogen is generate- 
change of feeding-ground cannot, however, be followed by all species of sujj 
bacteria, since — just in the same way as has been explamed with regaru 
sulphuretted hydrogen — these organisms aie adapted to a certain tension of 
oxygen, which varies in the different species, they cannot stand the presence 
of moie than a certain quantity per unit of volume of the liquid. In the case 
of oxygen, this tension is naturally greatest at the surface and bmaller at greater 
depths. It will be evident that even the fluctuations of atmospheric pressure 
will suffice to pioduce a change in the predominating species of a diversified 
mixture of sulphui bactexia in their natural haunts. The same applies to the 
mbe at which the sulphuretted hydrogen is disengaged. 

For an instructive insight into these conditions we are indebted to the re- 
searches of M. Jbgunow (I.) on the colourless non-fiJamentoua species referred to 
at the close of the last paragraph As already stated, the habitat of the sulphur 
bacteria is in those strata of the liquid where the oxygen from above comes 
into contocb with the sulphuretted hydrogen from below. At this level the 
organisms congregate to form an assemblage visible to the naked eye, and which 
the above-named Russian physiologist termed the bacterial plane, the structure 
of which he examined minutely. He artifically induced the processes going on 
in the Limanes to repeat themselves — so far as necessary to the purpose in view 
— on a small scale in the laboratory, by placing a certain quantity of the black 
mud in suitable vessels containing water, and then leaving the whole to stand 
uncovered We will not go further into the matter of the rise and fall of the 
bacberial plane as observed by him, because Beybrinok (I.) had made similar 
experiments two years earlier, and applied to the phenomenon a term {Bahterim'’ 
Nivecm) having the same signiticance os that used by Jegunow. 

The discoveries made by Jegunow (II.) with legard to the construction of 
this bacberial plane, in bhe case of the organisms now m question, must, however, 
fee considered as novel When cultivated in higher and bioader, but thinner, 
strata of liquid, the plane assumes the form reproduced on a reduced scale in 
Fig 79, i e the bacteria do not form a simple plane, but become piled up in 
pl^•ces into tTift-lil^ projections — each about 3-4 mm long — foui^ of these being 
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shown (enlarged) in Fig 8o The examination of these tufts by the aid of 
a horizontal microscope shows that they are formed by the movement of the ' 
individual bacteria, in a manner similar to the gushing of a spring , they ascend 
m the axis of the tuft, and then describe an arc in their return to the plane. 
When inverted by the microscope this resemblance is still more strihmg , so 
that Jegunow has styled the planes “ fountain pUnes.” The velocity of the 
individual cells he found to he 0,02 mm. per second. In tracing the chemical 
activity of the bacteria, he made use of a simple and reliable reagent for sulphu- 
retted hydrogen a fine (woollen or similar) thread treated first with feme 



Fia 80 — A portion of the Bacterial plane from the preceding Fig 
showing the arched construction of the plane Itself, os well as 
four of Its fountains. Magn 11, {Jifter Jegunow) 


Fia 79 — Cnltore of Sulphur Bacteria from the Limans (in a small vessel . reduced soalo) 

The figures on the label give the dimensions, the thickness of the layer of liquid being o 9 iTim The 
bottom la occupied with black Llmanes mud, above this Is the liquid, the inonlsous of which is 
visible at the top of the Fig , and In between is the bacterial plane with five “ fountains ” {lifter 
Jegunow ) 


chloride and then with ammonia, both in such a very dilute condition that the 
thread is stained merely a pale yellow, A glass weight is then attached to the 
thread and let down into the hquid, whereupon the lower part of the thread, as 
far as the summit of the tufts on the fountam plane, quickly turns black, from 
the formation of FeS From that point onwards, however, the colour gradually 
changes to white. This experiment shows that in the summits of the tufts the 
sulphuretted hydrogen ansmg from below is first oxidised to sulphur, and stored 
up in the cell, which conveys it to a higher level (the actual plane), and therfe 
oxidises it to sulphuric acid This acid then dissolves the ferric oxide on the 
upper part of the thread, which is consequently decolorised at this level The 
time occupied by the cells in making a single trip — and Jherefoi’e the t<^tal 
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period required for the convereion of H,S into SOg and the expulsion of the 
• latter from the cell — was ascertained by Jegunow to be about five minutes. 

The importance of the sulphur bacteria in the economy of Nature is unmis- 
takable in co-operation with the sulphate-reducing bacteria they ensure that 
the sulphur cycle pursues an unmterrupted course, the element being taken up 
by the higher plants in the condition of sulphates, and deposited in the cells in 
the form of organic compounds, from which, in the course of putrefaction, it is 
liberated as sulphuretted hydrogen, and is finally then reconverted into sulphates 
by the sulphui bacteria and recommences its course through the higher plants. 




CHAPTER XXXVI. 

THE NITBIFSTNG BAOTEEIA. 

§ 203.— The Reeogrnition of Nitrification as a Physiological 

Process. 

The nitrogen excreted from the animal body as urea has not, when converted 
into ammonium carbonate (see chap xxxu ), yet attained the form in which it is 
usually taken up by plants. Although it is mdubitable that plants m general 
can obtain their requirements of nitrogen from the ammoma salts, it is never- 
theless cerfcaan — both as a result of manuring experiments on the small scale and 
also from the experience of agricultural practice — that the majority of cultivated 
plants absorb the element in question more rapidly and abundantly when it is 
offered them in the form of nitrates In fact, for some of them, e g, maiae, buck- 
wheat, and tobacco, JuL. Lehmann (I ) puts forward the well-grounded assumption 
that they derive their nitrogen exclusively from nitrates. Here again Nature 
has made provision for the necessities of the case by converting into mtrates the 
ammonia salts which — partly as a result of decomposition and partly as artificial 
manures — ^find their way into the soil 

This process, long known and briefly termed nitrification, was defined in 
1846— on the basis of an experiment by J. Dumas (II )— as a purely chemical 
process of oxidation This observer regarded chalk as the intermediary facili- 
tating the intimate combmation of ammonia and atmospheric oxygen Fifteen 
years later this rdle of “ go-between ” was ascribed by Millon (I.) to the porous 
humic bodies in the soil — a view that still remained destitute of any convmcing 
proofs when revived m 1863 by Blondeau (II.) 

Ten years later other opimons began to arise. The first adverse hypothesis 
was expounded m 1873 by Alex. MtUllbr (I ), but was not based on any 
sohd foundation, nor was it followed up any farther. Four years afterwards 
SOHLOESING and M-Untz (I.), relymg on the results of their researches m this 
direction, hazarded the opinion that the foimation of mtre m the soil is due to 
the vital activity of organised ferments (soil bacteria) In a subsequent com- 
mumcation these two workers detailed some of the conditions requisite for the 
inception and course of nitrification. The operation is almost stagnant below 
5° 0 ., but becomes apparent at 12° 0 , and attams its maximum at 37° 0 . As 
the temperature rwes still higher the reaction becomes weaker, and ceases 
altogether at 55° C. It proceeds the more rapidly as the degree of moisture m 
the soil inci’eases, provided aeration is not thereby impeded. A faintly alkaline 
reaction facihtates the progress of nitrification, which, moreover, may not always 
result m the production of mtrates, but at times does not extend beyond the 
formation of mtrites, especially at low temperatures (below 20° 0.) and with a 
restricted admission of air. 

Both workers also endeavoured to obtain pure cultures of the organisms 
under investigation The result of their endeavours will not be judged too 
harshly when the existmg lack of any reliable method of pure cultivation at that 
time IS remembered. When the introduction of the Koch gelatin plate afforded 
a new apphanoe for this purpose, it was pressed into the service now mjider 
r ^ 288 
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consideration by sev'eral workers, %nUT cdm by Adahetz (IX.) and A. B. fVank ; 
* nevertheless, the result did not fulfil expectations. The last-named German 
mycologist then contradicted the assumptions of the two French agricultural 
chemists, and championed the views held by Dumas. To this revival of an old 
hy^thesis we owe the production of a comprehensive work by H. Plath (I ), 
which is commended to the attention of the reader not only on account of the 
new discoveries it mentions, but also because the first part contains a collection — 
rich in information for the chemist — of all the then known methods for the 
production of nitric acid from ammonia by oxidation In the second part of 
this treatise it was stated, on the basis of new experiments, that completely 
sterilised soil no longer possesses the faculty of converting ammonia mto nitric 
acid. It was furthermore shown that, when organisms are entirely excluded, 
neither the soil as a whole, nor any one of its constituents, is capable of trans- 
forming ammonia into nitric or nitrous acid by occluding atmospheric oxygen. 
A re-examination of this work by H. Laitoolt (I.), who undertook the t^ in 
consequence of an objection raised by A. B. Frank (IX,), led to a complete con- 
firmation of Plath's discovery on all points. It was thus ascertained (m 1888) 
by the exclusion method that in the oxidation process now under our notice the 
of oxygen-carrier is played by living organisms, and that consequently 
nitrification is a physiological process. 

§ 204. — Nitroso-Baeteria and Nltro-Bacteria. 

The discovery and closer investigation of these unknown organisms was 
shortly afterwards effected by S ■Winogradsky (VII ) It is not surprising 
that their preparation as pure cultures was so long delayed, when we remember 
that these bacteria do not thrive on media rich in organic nutrient substances. 
The above-named Russian physiologist successfully employed for this purpose 
the gelatinous inorganic substance, viz, precipitated silica, recommended by 
W. KtTHNB (I.). VHien prepared by precipitation from water-glass (alkali 
silicate) by hydrochloric acid, and purified by dialysis, concentrated by boiling, 
and then sterilised in the steamer, this silica forms a vitreous mucinous mass 
This is then incorporated with a sterilised solution of the sulphates of potash, 
magnesia, ammonia, and caibonate of soda, inoculated with the bacterial sample. 
These salts cause the. silica to set, so that the germs in the sowing are fixed 
separately, and thus may be kept apart, even when they have developed into 
colonies. In this manner Winogradsky primarily succeeded in obtaining 
cultures of assured purity, by means of which ho was enabled to arrive at 
conclusions unattainable by the fractional sowings and dilution method em- 
ployed by previous workers, 6 ,g W. Hbrabus (I.), P, Frankland (III ), and 
R. Warinqton (III.) 

One of the weightiest of these results is the fact determined by Wino- 
gradsky (YIII.) that the numerous species of the group of nitrifying bacteiia 
are classifiable into two sharply divided sub-groups . nitroso-bacteria and nitro- 
bacteria. 

The nitroso-bacteria oxidise ammoma to nitrous acid, m accordance with the 
equation — 

(NHJP -H 30a = N 3 O 3 + 4 HjO, 


but no farther. For this reason nitrites ai'e not altered by these bacteria. 

On the other hand, the nitro-hactena lack the faculty of attacking ammonia, 
but perform tl^p task of converting nitrous acid into nitric acid, in accordance 
with She equation — ^ 
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As is apparent from this equation, their powers differ from that of the 
nitroso-hacteria, inasmuch as the latter convert the pentavalent nitrogen of 
ammonia into the trivalent nitrogen of nitrous acid, whilst the nitro-baoteria 
re-couvert the element into the pentad condition. 

It is evident that these oxidation processes can be effected only in the presence 
of bases which take up the acids with which the ammonia was initially combined, 
and also neutralise the resulting nitrous or nitric acid — ^thus protecting the 
bacteria from injury from this source. This task is excellently performed in the 
soil by calcium carbonate. The favourable influence exercised on the course of 
nitriflcation by the presence of this salt is therefore readily explamable without 
draggmg in any hypothesis about the condensation of oxygen Free alkali is 
unsuitable here for the flxation of the acids, since the presence of this reagent 
in quantity would he injurious to the bacteria. In artificial cultures calcium 
carbonate can be replaced by magnesium cai-bonate, a practice adopted by 
Wmogradsky. 


§ 205 — Nitrosomonas and Nltrosococeus. 

Two main types of nitroso-bacteria can be differentiated in consequence of 
the results of existing investigations. One of them (in several species) is found 
in all the soils of the Old World (Europe, Asia, Africa) hitherto examined, and 
is known as Nitfrosomcynaa. The second is peculiar to the soil of the two remaming 
continents, and has received the name of Nitrosococcijbs, The individual organisms 
of the first-named type are each provided with a single cihum, and exhibit powers 
of locomotion which are manifested at an early stage in the cultures, and cause 
these to become decidedly opalescent. Subsequently the cells become quiescenl 
and collect aa zooglcea, which rest in the form of greyish gelatinous clouds on the 
carbonate at the bottom of the hquid. We will describe this (Niin'osommas 
genus first. 

Only a single species of mtroso-bacfcenum has been discovered in Europear 
soils, VIZ., N%liro 8 omma 8 mropma. At the opalescent stage of the culture thii 
organism appears as briskly motile cells (fitted with a short flagellum) m th< 
shape of short rods i. 2-1.8 /x long and o 9-1.0 /x broad. The cells of ITxlifroso 
TTwnaa javanica, cultivated from the soil of the Botamcal Garden at Buitenzorg 
near Batavia, are globular, and only attain a diameter of 0.5-0 6 but thei 
flagellum is very long — as much as 30 ji. The N'ltrosomonas japonica^ found ii 
sod from Tokio, is — ^hke the Nxl^'osomonas affy^ana, isolated from samples 0 
soil from Tunis and from La Reghaia, in Algeria — very similar to the EuropeaJ 
species, only somewhat smaller. 

Differing from these species are those of the genus Ntiroaococous^ found i 
South American and Australian sods. They do not form zoogloca, neither ax 
they cihated. That obtamed from Quito (Ecuador) is a coccus 1.5-1. 7 /x 1 
diameter. A similar species, except in point of size, is the Nil/rosococcus hrasih 
0715 W, obtained as a pure culture from the soil of Oampmas (Brazil), and attamin 
a diameter oi 2 and the species grown from Melbourne soil is undistmguisl 
able from this latter The mtroso-bacteria are, as observed by Winogradsky (IX, 
very susceptible to desiccation, and consequently the amount of such orgamsn 
in the soil decreases as drymg progresses. They are almost entiirely lackjng i 
tCp air. ' "" 
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§ 206.— The Nitro-Baeteria. 

differ from the species already described, not only from a chemico-physiological, 
but also from a morphological point of view, being smaller and more slender 
The cells are an elongated oval, mostly pear-shaped, 0.5 in length and 0.15- 
0.25 in breadth, and are therefore among the smallest of all known organisms. 
In hquid cultures they develop and congregate to form a thin, mucinous skin 
adhering firmly to the walls of the vessel. Oompared with their powerful 
oxidising action, the vegetative development of these organisms is astonishingly 
slight. Spore formation has not been found either in these or in the nitroso- 
hactena ; and up to the present no subdivision of the genus NiVrohojOier into 
species has been made. 

Bubbi and Stutzer (III ) in 1895 obtained from Hanoverian soil a nitro- 
baoterium which they assert will thnve both on nutrient gelatm and in bouillon, 
but (so it is said) exhibits no nitrifying action in nutrient media of this kind, as 
a rule, and, indeed, loses this power entirely, so that when re-transferred into 
miner^ nutrient solutions it does not attack the nitrites placed at its disposal 
A careful examination of such a culture, obtained direct from the above-named 
chemists, was made in 1896 by S. WnroaRAnsKY (X-), who showed that the 
alleged pure culture contained, not only the nitro-bacterium, but also three other 
species of (saprophytic) bacteria which thrive well in bouillon, a medium in which 
the mtro-baoterium will not grow. Winogradsky^s treatise is recommended 
to the reader, more particularly because it mentions numerous contmgencies 
likely to arise in working, and render of no avail the trouble bestowed on the 
nitrifying bacteria by the bacteriologist. Furthermore, he gives a new recipe 
for a medium for the pure cultivation of nitro-bacteria, more convenient in use 
than gelatinous sihca, viz., nitrite agar-agar, t.a. a mineial solution containing 
nitrites and qualified by 1.5 per cent, of agar-agar. 

If the amount of nitrogen oxidised per unit of time be taken os the standard 
for measuring the chemical energy of these organisms, then — as Winogradsky 
ascertained by comparative investigations — the nitroso- bacteria will be found 
the more active of the two. From this fact it is permissible to draw the further 
deduction that the conversion of the trivalent nitrogen of mtrous acid into 
pentavalent nitno nitrogen requires the expenditure of a greater amount of 
internal force than is needed for the converse operation in the oxidation of 
ammonia to mtrous acid. 

Both nitroso- and nitro-bacteria are always present in the soil, the second 
type of organism immediately oxidising the nitrous acid generated (from ammonia 
salts) by the first. Whether nitniication begins aJre^y in the dung-heap, or 
has its fimt mception in the field, is dependent on various circumstances. It 
will proceed whenever a sufiioient quantity of ammonia salts has been produced 
by the fermentation of urea, provided air has ready access. Thus, E. Immen- 
DORiT (III.) showed that in the outer layers of manure heaps (especially horse- 
dung), the production of nitrous acid will set in briskly in a few days. There 
are ample reasons why the formation of the easily lixiviable mtrates, which may, 
moreover, expose the materials to wasteful reduction processes, should be pre- 
vented in the manure heap. On this account endeavours should be made to 
minimise the aeration of the manure by battening the heaps well down. 

s ' § 207.— Assimilation in the Dark. 

incapacity (recorded in § 204) of the nitiifying bacteua to grow on 
nutrient gelatin is, ii?the main, attributable to their general distaote for organic 

^ % 
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nutriment, a peculiarity noted by Muneo (I.) in 1886, The smaller the quantity 
of organic food present, the more energetically do growth and oxidation proceed ; 
and tile latter effect is most powerful in solutions containing exclusively inorgamo 
matters. For nitroso-bacteria Winogradsky recommends a mixture of 2-2. g 
grams of ammonia sulphate, 2 grams of common salt, and a sufficient quantity 
of magnesium cai*bonate per litre of well-water. For nitro-bacteria the ammonia 
salt is replaced by sodium nitrite. 

When such a nutrient solution containing solely inorganic matters is inocu- 
lated with a few mtroso- or mtro^bacteria, energetic oxidation occurs, accom- 
panied — as was first brought into notice by W Hkeaeus (I.) m 1886 — by 
a rapid reproduction of the bacteria. When development is concluded, and the 
available quantity of ammonia or nitnte oxidised, then the bacterium crop grown 
in this manner contains a certain quantity of organic matter, the carbon of 
which has been exclusively derived from inorganic sources — in this case carbon 
dioxide. The amount was ascertained by Winogradsky, by four quantitative 
analyses, as o 020-0 022 gram per 100 c.c of liquid. Oonsequently the nitroso- 
and nitro'bactena are able to abtract from carbon dioxide, in the absence of lights 
the carbon necessary for the construction of their cells, and are therefore able to 
assimilate carbon dioxide in the doffh. 

Two sources of carbon dioxide are available to the nitrifying bacteria. One 
of them IS the carbonate present in the nutrient solution (or soil), and which is 
also necessary for other reasons already given in § 204 According to Wino- 
gradsky, this carbonate supphes carbon to the newly formed bacteria, which are 
assumed to decompose it by means of the acids they produce, and then utilise the 
carbon m the construction of new cells He considers that the function of these 
organisms is to liberate and restore into general circulation the carbon that, by 
any means, has been converted into carbonates, and so withdrawn therefrom. 
On the other hand, E. Godlbwski (I.) showed that it is chiefly from the atmo- 
sphere that the carbon dioxide requisite for the construction of new cellular 
substance is derived. He found that development did not occur in cultures con- 
taining magnesium carbonate when only air free from carbon dioxide was 
admitted. Now the atmosphere contains not only carbon dioxide, oxygen, and 
water, but also ammonium carbonate, with which substances the nuti?ient require- 
ments — ash constituents apart — of the nitrifymg bacteria are satisfied. These 
org anism s will therefore be able to develop m places where there is nothing 
present but bare rock, the cracks and fissures of which afford them a shelter 
against the desiccatmg action of the winds. In fact, it was in such arid places 
that A Muetz (I.) constantly found nitrifymg bacteria. It can very ea^y be 
shown that friable (“ rotten”) stone, especially that from the Faulhorn,ifl thickly 
impregnated with these organisms. 

In order that the carbon of the carbon dioxide may be prepared for its 
ultimate purpose, it must first be freed from the two attached atoms of oxygen. 
In green plants the force requisite for this purpose is supplied by the thermal 
power of the sun’s rays ; but in the nitrifying bacteria, which also assimilate in 
the dark, it is the energy liberated during the oxidation of nitrogen that effects 
the dissociation of the carbon dioxide molecule. Oonsequently, the assimilation 
of carbon is dependent on the oxidation of nitrogen, a fact quantitatively proved 
by Winogradsky, Accordmg to this authority, about 35 mgrms. of nitrogen 
are oxidised for each milligram of carbon assimilated, the atomic ratio being — 

0 : N = 1 : 30 

More accurate knowledge of the progress of this assimilation — especially 
on the thermo-chemical side of the question — is at present j, lacking. F. 
Htjbppe (YIII ) and O. Loew (Y ) constructed equatioif^ to represent*^ the 
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dianges occurring m the reaction, but these can merely be alluded to here. 
Godlewflki ascertained that by no means the whole of the ammoniaoal nitrogen 
eliminated during the nitrification is recovered as nitrous or nitric acid, but that 
a portion is liberated in its elementary condition, and escapes from the solution 
undergomg nitrification. It may be opined that this loss is not immediately 
connected with the action of the nitrifying bacteria, but is only an associated 
phenomenon produced by the reaction of the NgOg on the still undecomposed 
KHg, in accordance with the equation — 

K2O3 + aNflg = 3 HaO + 2^2. 

The reason for this is that the nitrous acid liberated does not in every part of the 
hquid come into immediate contact with the carbonate which would protect it 
from the action of the ammonia. 

§ 208 ,— Wall-Saltpetre and Plantation-Saltpetre. 

The particulars already given of the hfe-conditions of the nitrifying bacteria 
will explain the origin of wall-saltpetre, t s. the corroding efflorescence of salt- 
petre on masonry. This substance is a white snow-like mass, consisting princi- 
pally of crystals of calcium nitrate, and occurring with particular frequency on 
the walls of stables and closets. It is precisely m such places that the fission 
fungi under discussion find an abundance of the food-stufi's they require : the 
ammonia salt is supplied by the urea absorbed by and hydrated in the walla ; 
calcium carbonate and a httle alkali are present m the brickwork, and there is 
no lack of the necessary oxygen. Consequently all the preliminary conditions 
favouring the activity of the nitrifying baotena introduced in dust, <fec., are 
fulfilled. However welcome this activity may be when restricted to the soil, it 
is entirely undesirable in brickwork, the latter being gradually corroded and 
rendered brittle by the calcium nitrate produced. Sprinkling the walls with 
powerful antiseptics, such as antinonnin, may, however, afford a remedy. That 
the phenomenon is really due to the nitrifying bacteria has been proved by the 
researches of 0 . Helu (II.) and G Tolombi (II ) 

A few words must also be devoted to the saltpetre plantations. Since the 
discovery of the South American deposits of nitrate of soda, which substance 
can be converted into saltpetre by treatment with potassium salts, the production 
of plantation-saltpetre has decreased. It will, however, come to the front again 
whenever the Chilian beds are exhausted. In fact, the production of saltpetre 
for agncultural purposes by this method is even now worthy of consideration. 
The quantity of Chili saltpetre imported by European countries is very con- 
siderable, and large sums of money are annually disbursed to South America 
which might be retained by producing the saltpetre at home. The accomplish- 
ment of this project necessitates a searching investigation of all the conditions of 
nitrification, in order to ascertain how the reaction may be suitably controlled. 
The result would be that, instead of using expensive foreign nitrate, the ground 
would be manured with cheap sulphate of ammonia, now formed os a waste 
product in home gas-works and coke-factones, and put upon the market in con- 
stantly increasing quantities. The consequent freedom from the hands of 
Chilian speculators would be a great gam from the point of view of national 
economy. Moreover, this method of man urmg presents another advantage from 
the standpoint of the agricultural economist As is well known, the soil has no 
power of fixing nitrates, a certain portion of the added saltpetre invariablj^- — as 
P. Dehbrain (III, and lY.) and others have shown — escaping in the di^ainage- 
water, so that more hoe to be added to the soil than is recovered in the crop. 
Thisidisad vantage dqes not attach to manuring with salts of ammonia, since tl^ey 
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are fixed by the soil and protected from wasteful lixiviation, the nitrifying 
bacteria then oxidising the ammonia and supplying the plant with nitrates 
according to its req[uirements. 

So far as plantation-saltpetre is concerned, the external conditions favouring 
the rapid formation of this compound have been gradually ascertained by means 
of tentative experiments. A pyramidal heap, restmg on an impervious clay 
foundation, is prepared by mixing chalky soil with various kinds of organic 
matter, and is frequently watered with liquid manure, an admixture of brush- 
wood in the heap imparting porosity and facihtating aeration. The mtrafces, 
(fcc,, formed in the interior appear — ^like wall-saltpetre — on the surface of the 
mass, and gradually increase to form a crust which is richer in nitrates than the 
interior of the heap The crude lye obtained therefrom by lixiviation is treated 
by adding a potassium salt in order to convei*t the nitrates of calcium, mag- 
nesium, and sodium into potassium nitrate, the crude saltpetre thus produced 
being then purified in refineries. 

The elucidation of the optimum external conditions for influencing nitrification 
has been attempted by numerous investigators, and a few of their results will 
now be given. J. Dumont and J. Oeoohetbllb (II. and III.) found that the 
chlorides of potassium injuriously affect nitrification, whereas the carbonates of 
these metals, and also potassium sulphate, act beneficially. From what has 
already been stated it will be evident that the merely faint (or altogether 
inoperative) activity of the nitrifying bactena m soils poor m calcium carbonate 
(e.flr. sour meadow-land) can be stimulated by the addition of the said 
carbonate. On this point a few experiments have been made by J. Dumont 
and J. Cboohetelle (I.). The kind of acid with which the ammonia is combined 
must not be regarded as unimportant, Hueppe and Winogradsky having noticed 
that — as afterwards shown by the special experiments of 0. Loew (VI.) — 
nitrifying bacteria do not attack ammonium formate at all, and that the oxalate 
is acted upon only very imperfectly, and with great difficulty. 
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AOETIG FERMENTATION. 

§ 209.— Discovery of the Acetic Acid Bacteria. 

If beer, wine, or other similar alcoholic liquids, are left to stand exposed to the 
air, they will, at the end a few days, become covered with a tough, mucinous 
(usually smooth) skin or film. The alcohol gradually disappears, and, in 
approximately the same ratio, the presence of acetic acid makes itself evident 
the beer, <fco., is converted into vinegar. It has been known from the earliest 
times that an unsoured sample of beer, wine, or the like can be quickly turned 
into vmegar by the addition of a small quantity of such skin. This latter was 
regarded as the earner of the vinegar fermentation, and consequently received 
the name of “mother of vmegar” (EV. mh'e de mnaigre, Ger. Easigrmvtter). The 
first botamcal investigation of this substance was made in 1822 by Persoon (I.), 
who described the organised skin developing on various liquids, and gave it the 
general name of Mycoderma^ i,e, mucinous skin or fungoid skin, but never 
contemplated the existence of any direct connection between acetic fermentation 
and the development of such a structure. 

This was reserved for the German algologist Fr. KUtzing (I.). In his 
treatise on this subject, published in 1837, he showed, without, apparently, 
being acquainted with the labours of his predecessor — that the mother of 
vinegar ” is constructed of a number of minute dot-like organisms (which we 
now call bactena), arranged together in the form of chains. These be classified 
as alg80, and named them Ulvina aceti, and asserted quite positively that alcohol 
is converted into acetic acid by the vital activity of these organisms. 

Kutzing^s results, however, attracted but little notice, because, two years 
after their publication, Liebig (III.) appeared on the scene with his theory of 
acetic fermentation (which will be described in a subsequent paragraph), in 
which no mention was made of the potency of living organisms, but the “ mother 
of vinegar” was asserted to be a formation devoid of life a structureless 
precipitate of albuminous matter. Only one of the reasons put forward by the 
German chemist in support of this view, which he stubbornly upheld, will be 
mentioned here, and that merely as a curiosity. The Dutch chemist, G. Mulder 
(HI.), celebrated as a chemical expert on wine, subjected the “mother of 
vinegar ” to chemical analysis, and, because he failed to discover the presence 
of any ash constituents, iiought that it must be regarded as a compound of 
protem and cellulose. Mulder’s statement was refuted in 1852 by R. Thomson 
(I.), who showed that a sample (but by no means a pure culture) of “ mother 
of vmegar” contained 94.33 per cent, water, 5.134 per cent, organic matter, and 
0.336 per cent. ash. 

The diffusion of new light on this matter was reserved for Pasteur (XIII.) 
Taking up anew the question of the origin of acetic fermentation — examined by 
Kutzing merely from the purely botanical side, and that only cursorily — he 
controverted the opinions of the chemists, and proved, in 1864, that this 
fermentation also is a physiological process, whose inception and maintenance 
is bound u^ with the vit^ activity of minute fungoid organisms, to which he 
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appUed the specific name Mycoderma aoet%^ first employed by Thomson. Of 
course, at that time, Pasteub (XIY ) was not in a position to prepare or use , 
pure cultures, consequently the results of his experiments cannot now be credited 
with more than the single value of having unimpeachably proved the dependence 
of acetic fermentation on the vital activity of certain micro-organisms. Pasteur 
did not determine to what group of living organisms Mycodemm acet% belongs, 
the botanical, and especially the morphological side of the question concerning 
him but little ; only, in one place m his treatise, he states that he cannot regard 
the organism as a bacterium, as was done by Stack in 1863. Nevertheless, we, 
at the present day, must agree with the opinion of the last-named * the cause 
of acetic fermentation studied and described by Pasteur can only have been 
a fission fungus 

The property of formmg mucinous skins on the surface of liquids is not 
peculiar to the acetic acid bacteria alone, but, on the contrary, is a very general 
vital phenomenon among fungi. It is particularly noticeable among a group 
(which will be considered in the second volume) of budding fuugi, which have 
been named, according to the nature of the medium in which they are found, 
Mycodei'ma cerevisioB, Mycoder^na vim (Fr. de la hvtre and Jlewr du mn 
respectively) Pasteur denied that any of these skin-fonning budding fungi 
have the power of producing acetic acid, but the author refuted this opinion 
by proving, in 1893, the existence of at least one such species endowed with this * 
faculty. More particulars concerning this will be given in one of the chapters 
of the second volume. At present we are only concerned with the fact that 
acetic fermentation is a vital manifestation not peculiar to fission fungi alone. 

§ 210.— Morphology of the Acetic Acid Bacteria. 

Stnotly speaking, Pasteur's publication did not advance oui knowledge of 
the morphology of the organisms in question beyond the discoveries made by 
Kutziug ; and the case remained in etatu qiu) for another fifteen years, until 
taken up by Emil Ohristian Hansen, whose researches on the acetic acid bacteria 
not only threw new light upon the organisms themselves, but were also — and 
that in a dual sense — ^important to the subject of Fermentation Physiology 
generally. 

Until then the opinion was current that any given fermentation was carried 
through by merely a single species of ferment Hansen (VI.), however, showed 
in 1878 that, m the spontaneous souring of beer at least two different species 
of bacteria can come into action, one of which he named Mycod&t'ma aceh and 
the other Mycoderma Past&wrianwni^ m honour of his predecessor. At the 
suggestion of W. Zopf he afterwords changed these names to Bact&num aceh 
and Bacterivm Baateuriamum respectively. This important discovery was 
subsequently extended, partly by Hansen (VII.) himself — ^who afterwards 
introduced into the literature of the subject a third species under the name 
of Bacterium Kutzingiammi — and partly by A. J. Bkown (I.), W. Peters (I.), 

A. Zbidleb (I.), Wermischepp (I.) and the author. Of all these species, only 
those described by Hansen have been thoroughly investigated morphologically, 
and for this reason they alone will he more closely considered in the following 
hues. 

When inoculated into lager-heer or the so-called ** doppel-bier ” — a Danish 
high fermentation beer rich in extract and poor m alcohol — and kept at a 
temperature of about 34° 0., these three species — provided air is freely admitted 
— will develop on the surface of the beer (which remains bright) to a pellicle 
within twenty-four hours. In the case of B, aceh^ this ftlnn is moist and 
mucinous, smooth and veined, but B, Paetminam/wni is, on the oth^r hand, (Jtry, 
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« and soon develops fine implications. That of Kutsarngicumimi resembles the 
^first species, but differs therefrom in raising itself high above the surface of the 
liquid by gradually climbing up the walls of the vessel. Fresh differences make 
their appearance when a small portion of the akin is examined under the 
microscope. Whilst the cells of B, Kutzingiamim are, for the most part, single, 
and are only rarely seen joined together as chains, those of the other two species 
are seldom found aa separate cells. The cells of B. a^ti (Fig. 81) are somewhat 
more slender, and frequently exhibit the sand-glass or figure 8 form 
noticed by Pasteur. In B. Pasteuriamim (Fig. 82) they are mostly rather longer 
and considerably broader (plumper) than those of the other two species. 

These bacterial pellicles are true zoogloea, i,e the individual cells are attached 



FiQ 81 — IJiictorlnm acoti 

CpIIs from a fi-ealjly ioimcil skin on 
“ iloppol-bler '* 

Mn^rn 1000 Hameu ) 



Fiq 83 — Bactorlnni KUtzluginninii 

CollB from a freshlr formca skin gro^ni 
at 34“ C on “ doppel-blor *’ 

Magii. 1000 iAtiei Ilamen) 



PiQ 82 — Bacterium PnBtcurlaimm, 

Cells from a froslily lormoil sldn grown at 34“ C. 
on ‘ doppol-blor,” 

urngri looa ) 


together by a mucinous envelope, formed by the swelling and mutual fusion of 
the external layers of the cell membranes, in which the cells then become 
embedded In ordinary (unstained) preparations the presence of this envelope 
IS only deducible from the mutual cohesion of the cells ; it can, however, be 
rendered visible by suitable treating and staining, e.g. by Loeffler’s method. 
Fig. 8 (p. 31) was drawn from a preparation of this kind. 

The behaviour of the mucmous envelopes of these three species towards iodine 
solution (iodine in water or alcohol or potassium iodide) is worthy of notice ; those 
of B. PasieuTicbnwriti and B. Kutzingia/fiuinfh are thereby stained hlvs^ whilst that of 
B. aoeti remains unaltered. The point must be emphasised that it is the mucinous 
envelopes and not the true cell membranes that are stained in this manner. The 
cell plasma is in all three cases coloured yellow, consequently the preparations 
all exhibit yellow cells after the iodine treatment, these cells being embedded in 
the case of B, aceti in a colourless matrix. In B. Pastmriamim and B, KUtzingi- 
cmim this latter is blue, and to the unaided eye the appearance of the whole 
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varies from green to bluish green, according to the proportion of the matri 
It "was this difference in the behaviour of the mucinous envelopes — ^which, ho^ 
ever, is noticeable only m young and vigorous pelhcles — that first directed tl 
attention of Hansen to the existence of two species of acetic acid bacteria. T] 
chemical composition of the envelope has not yet been determined, but that it 
not cellulose must be concluded from the negative results obtained from, the tea 
made with various reagents (lodosulphunc acid, zmc iodoohlonde) for th 
substance. Already in this cnaractenstic these three species differ from t 
acetic acid bacterium introduced into the literature of the subject by A. J Bro^ 
under the name of Ba<siterhjm xylin/um. The tough, leathery skm of zoogk 
(measuriug as much as one inch m thickness), formed by this bacterium on t 
surface of the nutrient solution, and generally known in England as the vinegfi 
plant, consists principally of the extensively developed mucinous envelope of t 
cells. If the contents be extracted by suitable means, a mass is left whi 
answers to the cellulose reactions solubihty in ammoniacal copper oxic 
and on ultimate analysis exhibits a composition agreemg with the formi 


Moreover, the three Hansen species differ notably in the appearance a 
development of their colonies, prepared by the transference of droplets (rich 
cells) from a pure culture grown at 25° 0. on to sohd nutrient media (w( 
gelatm or doppel-bier gelatin). Those from B. acetz assume the form of excee 
ingly pretty, many-rayed stars or rosettes , those from B Baatmnanvm have 
almost perfectly smooth periphery (without dentations) and exhibit convolutic 
of the surface resembling those of the brain; whilst those of B» KUisnn 
amtm are readily recognisable by the absence of both the stellar form a 


convolutions. 


§ 211.— The Morphological Influence of Temperature. 

Hansen’s researches into the acetic acid bacteria also afford an importf 
support to the theory of bacterial pleomorphism, as will now be shown. 1 
cell forms described and illustrated in the previous paragraph are not the oi 
ones assumed by the fission fungi under consideration. On the contrary, i 
pleomorphic variations are exceedingly plentiful, though they may all be grouj 
under three mam types, viz., chains of short rods (as already described), Ic 
threads, and, fi.nally, distended or bulged forms. The conditions ascertained 
Hahsbn (YII.) as influencing the development of one of these forms, its gradi 
conversion into the others, and, finally, its restoration to the original shape, t 
now be briefly referred to. It must be premised that the minimum limit 
temperature at which development can proceed is for B, aceti, 0 . ; 
B Pastmnammb, S°-6° 0 ; and for B. Kutzingiam/am^ 6°-7° 0 , the m a x im' 
being about 42° 0., and the optimum temperature about 34° 0. 

Oultures of Fmf^unanmm on doppel-bier have shown that, at 

temperatures higher than 5° 0. (but not greatiy exceeding 34° 0.), chains 
short rods develop, which, when grown at temperatures below 15° 0 , of 
attain extraordinary dimensions, especially in the direction of the breadth, G 
formation of chains proceeds most abundantly at about 34° 0 , the indiyid 
short rods then having the ordinary form and being filled with firm, sligh 
lustrous plasma. 

If a small portion of such a skin, cultivated at 34° 0 ., be transfwred t 
fresh nutrient medium, and maintained at 40°-40.5° 0., a morphological alte 
tion of the cells (Fig. 84) occurs, and is already noticeable at the end of a \ 
hours. Th© short rods about 2 a long and i fx broad, of which the chains of 
seed were composed, begin to elongate, and at the end of eight to nine Jjo 
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none but long rods are found, some of these being already disconnected, othere 
still retaining the chain form. The latter also finally become dismembered, sc 
that after a farther four hours none but elongated cells, 40 /x and more in len^h 
are present. These now continue to grow, and in twenty-four hours from tht 
commencement of the experiment long threads (Fig, 85), some of them measuring 
200 /X in length, are found exclusively, 

A fresh modification of form sets in as soon as these long threads are exposec 
to the original temperature of 34® 0 — they begin to bulge. These forms (Fig. 86 



, Fia 86 — Baotcrlmii PasteuriaBum. 

CoiLTQrBlon of long’ fhrcadB Into swollen (bulged) forms and chains Onltnro In “ doppel-hior ” at 34* 
I condition after four hours , II after five hours , III after seven hours Magn, 1000. 
ManBtn ) 

can be already noticed at the end of four hours, and their number rapidly ii 
creases from that time onward At about the same time other portions of tl 
threads hegm to break np into fragments, the disruption beginning indifferent' 
at either or both extremities, or in the middle of the thread, which is thi 
modified into a chsun of short rods, or one exhibiting both long rods, unalterc 
portions of threads, and bulged articulations , in short, great diversity prevail 
AU intermediate stages of the last-named forms, between the very frequei 
spindle cells on the one hand, and pear-shaped rounded for^is on 'Ihe otherpai 



Vio 87 — Bacterium Pafltourlftimin. 

Conv ereion of long throoda luto chalua of aliort rods. Culture on " doppol-bior ngai-ag-ai In a Bllttcliur 
Chamber at 34° G a long sorpontluo thread at the conunonoeiuont of the ozperimont ; a\ tlio samo 
ojter five and^a half houi-a ; a", the same after acyon hours. The highly swollen central portion Ih 
omitted In the drawfiig. &. long thread wlthZscyiTal tends j I’ niter lour hour^j; alter ^sljc 
hours; b'" after nine %our8. Only the central' portion of the modlhed thread Is sho'nn hJauu 
1000 Maiuefi,) 
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met with. Globular cells, measuring up to lo fi in diameter, are also by no 
means rare. 

!E'mally,the threads become entirely dismembered into short rods (Fig. 8 7), even 
the bulged cells undergoing this conversion, and leaving only the thickest portion 
(Fig. 88) unchanged. This portion eventually, after the filamentous ends on 

either side have broken up into short 
rods, collapses in the surrounding liquid 
and dissolves. An examination made 
after the lapse of twenty-four hours then 
reveals only chains of shoit rods. We 
have thus induced a reversion to the 
original forms of cell, and have there- 
by learned the morphological influence of 
temperature. Of course, neither the com- 
position of the nutrient medium nor the 
condition of the seed is a matter of in- 
difierence. Thus, for instance, if, instead 
of sowing the young cells presupposed 
in the foregoing demonstration, those 
already forty-eight hours old are em- 
ployed, then the conversion into threads 
becomes very difficult. In the case of 
lager- beer the development proceeds aome- 

00 . . what differently to that occurring m the 

riG. 88.— Bacterium Paateurlauum. ^ .1 , . j 

^ ^ “ doppel-bier hitherto mentioned 

Eeddue of awollon long threads after a aojoum of ^ 

one to two days in “ doppei-bier ” at 34’ c. Bcwteriimi aoeti and B KiUzingianwm 
In o the pear-shaped swelling has tapered behave very Similarly under the circum- 

stances now in question. A few small 
of these has divided Into short rods In c the ^ li • j. i 

swelling has b^pun to disintegrate, apart of uiiierences are, however, unmistakably 
the piasmai ceU contents escaping. In d the evident. Thus, for instance, in harmony 

plumper form of the short rods 

wall being left e. splndle-sliaped swollen a -n n ^ ji-i-r'xi 

form, with tivo long threads undergoing in- B. Jr €lSt 6 fU/ir%G/WWffl^ tne bread un 01 Its long 
dpLent snhdlviBlon. Magn 1000. {Jjter threads IS also greater, as will be evident 
Hansen.) reference to Figs. 85 and 89, the 

long threads of jB. aceti are thinner, but 
attain a greater length, viz , up to 500 On the other hand, the long threads of 
B. Kutvingianvm are considerably smaller than those of the other species. 
Finally, it should be stated that branching oF the long threads occasionally occurs. 
A few of these comparatively rare forms are daown in Fig. 90. Pleomorphisna 
seems to be a general property of the acetic acid bacteria, since it was also found 
by Hansen to prevail m four other species, including those discovered by Zeidler. 

Like most of the other Schizomycetes, the acetic bacteria exhibit a preferencje 
for darkness. Their development — as M. Giunti (I.) discovered — is restricted 
(though not entirely prevented) by diffused dayhgbt, as well as by direct exposure 
to the^ sun ; but according to the discoveries made by G Tolomei (III.)j this 
result is due to the chemically active light rays alone. Tolomei (IY ) likewise 
found that the discharge of strong electric sparks at a short distance above the 
surface of the liquid also restricts development. 

§ 212.— The Equation of Acetic Fermentation. 

For a long time no clear perception was obtained of the mode of action of the 
“ mother of vinegar.” True, it was known that the acetic acid is forpaed from thf 
alcohol present, and also that acidification does not occur wton air is excluded j 
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I but the reajgorua for these phenomena could not be giveu. The Abk6 Eozdee (I.) 
^concluded from his experiments that air is absorbed by the wine in process of 
turning sour, but La^voisibii (I.) afterwards shewed that this is only true of one 
of the constituents of the atmosphere, viz., oxygen. He stated that “acetic 
fermentation is nothing more than the souring of wine, effected in the open air 
by absorption of oxygen.” In 1821 Edmund Davy discovered platinum-black, a 
substance which, when moistened with spirits of wine, becomes white-hot the 
formation of acetic acid being evidenced by the odour evolved. This observation 
was followed up hy DObbeeineb (I ), who found that, in this reaction, the alcohol 



Fia 89 — Btictorlum aooti 

Long tlireads. Culture twenty-four hours old In “doppol-hicr” at 40'’-4a5" C lu several places the 
breadth of the threads Is cxoggci-atod Magn. looo Hmmm ) 

takes up oxygen — water and acetic acid, but no carbon dioxide, being formed 
By obaervmg the volume of oxygen consumed by a weighed quantity of alcohol, 
he arrived at the following equation for this oxidation process : — 

C4HoOa -I- 4O « C4H4O4 I- 2HO 

which, translated from the symbolical language of equivalent formulas to that of 
atomic formulse, reads as follows 

C.jHuO Oj = O2H4O0 + H^O. 

Hence, Doberemer concluded that, for the production of acetic acid, only three 
substances are required alcohol, oxygen, and a body capable of absorbing and 
condensing the latter, and thus bringing it into more intimate contact witii the 
first named, whereupon the reaction ensues. 

The above experiment of Doberemer’s was taken by chemists os a starting- 
pomt m attempts at elucidating the phenomenon of acetic fermentation. The 
intermediary part played by the “mother of vinegar” in the souring of wine 
was obvious, suhee it^waa well known that without this “ mother” no conversion 



|t^4 ACETIC I’ERMENTATION 

occurred. Nevertheless, more than one opinion was rife as to the mode of aefcioi 

of this mucinous skin. 


Berzelius, in 1829, on the basis of his theory of catalytic action, ascnhed th< 
potency of this skin m acetic fermentation to the acetic acid “ enclosed withii 
its pores ” Ten years later, and two years after the appearance of K-iitzing*. 
^oxrk — which, being out of harmony with the spirit of the age, was consequenth 
disregarded — Liebig published his theory of acetic fermentation, in which th 

‘ mother of vinegar ” was classed along 
^ side platmum-black, their mode 0 

lY 11 action being defined as identical an« 



Fig 90 — Bactorlma ooeti 

FUamentoos cells of unusual form from otrltures 
(sererol days old) on \rort and on “ doppel>blor” 
at 39‘-4i*’ C. Mogn. 1000. (Jfter Manaen.) 


of a purely chemical nature 

Owing to the endeavours of Pas 
teur, the theory promulgated by Kut 
zing was experimentally shown to b 
correct, and the true import of th 
vinegar-mother once more recognisec 
It would, however, be going too far t 
also credit the French physiologist wit 
having recognised acetic fermentatio 
as a purely physiological process ; fo 
— ^remarkable as it may now appea 
to us — Pasteur, with his follower! 
stopped half-way and defined the vim 
gar fungus as “ acting after the manne 
of spongy platmum.*' He oharacteriBe 
the skin-like zooglcea of the fissio 
fungus in question as “ vegetations ei 
dowed with the remarkable peculiarit 
of ret aini ng the oxygen of the air an 
condensmg it after the manner ( 
spongy platinum, by mducing the con 
bustion of alcohol and acetic acid.” ^ 
YON Knibbiem and An. Mayer^ (I 
share the credit of having convincing! 
proved, in 1873, that the oxidation ( 
alcohol by means of platmum-blac 
cannot be classed along with the fei 
mentation set up by the “mother ( 
vinegar.” Platinum - black oxidis< 
both concentrated and dilute aJcohc 


whereas, according to the expenen< 
of vinegar-makers, acetic fermentation cannot proceed in presence of moi 
than 14 per cent, of alcohol Moreover, with regard to temperature, high! 
important differences — touching the very existence of J the question — ai 
observed. Thus, whereas acetic fermentation proceeds most satisfactorily £ 
about 35® 0 . and is arrested altogether at 40® C., the energy of the oxidatio 
effected by platinum-black (startmg at 35° 0.) increases as the temperatui 
rises, and may become so violent that the alcohol ignites explosively and burr 
away to -water and carbon dioxide. Hence the composition of the (by no m^ 
uniform) oxidation products thus formed differs greatly from those obtam€ 
from acetic fermentation. 


This latter process, whose purely physiological nature was placed bey or 
doubt by th ese investigations, was examined more minutely by A. J.^Brown (III 
m 1886. Meanwhile, Hansen's discovery of the existence oSns,t least two sp^ 
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of acetic acid bacteria considerably enlarged the field of research, since thence- 
forward “ acetic fermentation ” conld no longer be spoken of without coupling 
with it the name of the organism by which it was caused. The species forming 
the subject of Brown’s researches was obtained by him from sour (acetic) beer, 
and was called BoiOtennvm coceii^ though not identical with Hansen’s species 
bearing the same name. Pasteur’s discovery that the “ acetic acid bacteria ” 
first convert alcohol into acetic acid, and then burn the latter to carbon dioxide 
and water, was also made by Brown in connection with his B, aceti^ but he did 
not institute any closer examination (more particularly m connection with the 
ratio of transformation) on this point, so that this theoretically and practically 
most important question has stfil to be investigated. 

Methyl alcohol, isobutyl alcohol, and amyl sdcohol are not attacked by Brown’s 
B, acet%, but norm^ propyl alcohol is oxidised to propionic acid. If the nutrient 
medium (yeast-water) contains dextrose but no alcohol, then gluconic acid is 
formed, a fact already established by Boutroux (I.) in 1880, in connection with 
another species of bacterium (of questionable purity). Saccharose, lactose, and 
starch remain unaltered, but mannite is converted into Itevulose, which then 
remains unchanged. Dulcite is unaJTected, whilst glycol is converted into 
glyooUio acid. The behaviour of Bader^ium ocyhnum is approximately the same 
asm the organism just described. The extensive mucinous envelopes, consisting 
of cellulose, are produced when the nutrient solution contains dextrose, Imvulose, 
or mannite ; whilst, on the other hand, cane-sugar and starch are useless for 
this purpose. 

We are mdebted to G. BaRTRAin) (I.) for a beautiful experiment with a 
fission fungus, not accurately identified, but presumably very closely allied to 
Bacterivm xyhnvm. Mountain-ash berries, -i.e. the fruit of Sorhus animipcuria, S. 
mimriedka, and Icatifoha, contain, in addition to glucose, an alcohol isomeric with 
mannite, viz., Sorbitol (OgH^^Oj). If now the juice of these berries be subjected 
to alcohohc fermentation (which sets in rapidly and spontaneously), the glucose 
is decomposed, but not the sorbitol, this latter only being attaAed when the 
above-mentioned fission fungus obtams access into the fermented liquid, which 
it does through the mediation of a small red fly {Drosophila Pabricius, 

D, Macquart), known to all fermentation technicists as the “vinegar- 

fly.” This msect haunts places where alcoholic juices (especially fermented fruit- 
juices) are being stored and converted into vinegar, and there loads itself with 
acetic acid bacteria, which it then transfers to other localities. The bacterium 
introduced by these flies into the fermented juice of the mountain-ash berry 
oxidises the hexavalent alcohol sorbitol to, the ketose sorbin (also known as 
sorbinose or sorbose), according to the equation — 


^0^14^0 H" O — + HgO. 


This affords a convenient method for the production of sorbose. 

With regard to the fermentative capacity of B, aoeti Hansen, and B, Pasteur^ 
iammy the author, in 1895, published compaiutive investigations, showing that 
a sowing of the first- named species on pale lager-beer is able to develop and 
exert a powerful acidifying effect at 4°-4 5® 0 ; whereas B. PaaUuricmum is 
unable to do this, or to reproduce itself at all, even at 4.S°-S° 0. ^ 

§ 213.— Pure Culture Ferments in the Manufacture of Vinegrar. 

r 

Searching investigations into the chemical activity of the different species of 
acetic acid bacteria would be not only oppoHune in the interests of science, but 
alsojnghly im!|)ortanb to the practice of the vinegar industry. In this business 
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the employment of selected pure culture ferments is not yet regarded as a funda- 
mental rule, everything being still left to the mercy of chance. 

As every reader will be aware, there are two different methods of making 
vinegar. In one of them wine forms the raw material, this method being 
known as the Orleans process, from having long been extensively carried on in 
that locahty.^ There (as elsewhere) the work is stiU performed m the same 
manner as it was centunes ago, as follows — number of oaJren casks, each of a 
capacity of some 55 gallons, are arranged in rows in a chamber maintained at a 
constant temperature of 18° to 22° 0 In the upper part of the front end (head) 
of each cask a circular aperture (a few cm. in width) is provided, through which 
the cask can be filled or emptied, and which is generally kept closed, whilst neai 
it is a very small hole (vent) always left open for the admission of air. Ii 
normal work each cask is about half full. Before setting a new cask in work 
it is scalded out several times with steam or hot water, in order to extract tht 
sap from the wood, and is then “soured” by impregnating it with good, boiling 
hot vinegar. About i hi (22 galls.) of good clear vinegar and 2 1 . (o 44 gall, 
of mne are then placed in the cask, another 3 1. of wme being added at the en( 
of eight days, 4 to 5 1. more after the lapse of another week, and so on until tb 
^k contains about 180-200 1 . (40-44 galls.) Then, for the first time, vinega 
is (^wn from the cask, and in such quantity that about 22 galls are lef 
behind in the vessel. Ikom that time the cask (“ mother ”) is in continuou 
use, 10 htres (2.2 galls.) of vinegar being withdrawn every week and replacej 
by an equal quantity of wine. The “ mother ” casks may remam in work durmj 
SIX or eight years without mterruption, but at the end of this period they wi] 
contain such a considerable accumulation of deposited yeast, tartar and mothe 
of vmegar, as to necessitate their being emptied and cleansed. A skin, know: 
as vinegar-flowers or mother of vinegar, and composed of acetic acid bacteris 
develops on the surface of the liquid, and the manner and luxuriance of it 
growth enables the operator to judge the progress of the fermentation. How 
ever, at the outset the growth proceeds very slowly, since the wine employe 
mostly contains but very few of these bacteria. Oonseqnently an opportunit 
IB afforded for the development of rapid-growmg injurious organisms, chiefl 
certain budding fungi, which consume the acetic acid. The aerobic “ vinega 
eels ” also make their appearance To obviate this source of IosSJBasteur (XY. 
in 1862, proposed that, instead of waiting until the acetic acid bacteria in tl 
wine had increased sufficiently to form a protective akin of “ vinegar-flowers 
the necessary ferment should be cultivated m small vessels, the skin thi 
obtained being then carefully transferred m pieces of sufficient size, by the aj 
of a wooden spatula, on to the surface of the wme to be soured, which wj 
placed in shallow open vats. This process was adopted by Breton-Lorion > 
Orleans, in particular, and would be suitable for general apphcation if tl 
pr^ence of not more than one species of acetic ferment could be thereby ensure 
Ti^, however, is not the case, and it is purely a matter of chance whether tl 
skin prepared by cultivation beforehand is composed of beneficial or injurioi 
organisms, Accordmg to circumstances, there may be present several ve 
different species with divergent properties, faculties, conditions of vitahty ai 
metabohc products. ^ By reason of this uncertainty alone, the Pasteur method 
liable to produce very irregular results, and may, on occasion, actually give ri 
to losses j and, as a matter of fact, it is just on this account that the method h 
been abandoned both in France and Germany, where it was introduced 
E. Wtjem (I ). Up to the present it does not appear that any one has attempt 
to work "With really pure cultures, 

In the second method actually employed for making vinegar jk. spirit is us 
ii^ead of v^e. This method has been evolved from that^nginaUy prescPib 
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by Hermann Boerhave, and has attained its present condition (since 1823) mainly 
through the instrumentality of Karl Scbiizenbach, The Prench term it the 
** German method/' but in Germany it is generally known as the “ quick vinegar 
method ” [Soh 7 idle 8 aig-Fah'ikat%(m). A detailed description cannot be given here, 
but the gist of the process consists m slowly running the “ goods ” (t e. spirit 
diluted with vinegar) to be turned into vinegar over shavings or strips of beech- 
wood contained in a closed vat (the vinegar-generator), so that the liqmd presents 
a large surface to the air, which is admitted through special ventilating holes 
below and makes its escape at the top. That the fermentative activity of micro- 
orgamsms also comes into play in this method can no longer be doubted since 
the searching investigations of Pasteur, which were confirmed (on repetition) by 
Mayer and Knieriem. Pasteur showed that no acidification takes place if the 
alcohol be allowed to trickle over shavings destitute of fungi. He assumed that 
the organism taking part in the quick vinegar process is the same as that forming 
the superficial skin in the Orleans method, the fungus being supposed to settle 
on the shavings in the vinegar-generator and convert the slowly running vinegar 
goods mto acetic acid.'' TJp to the present no precise investigations on the bacteria 
acting in this branch of industry have been made public. This highly necessitous 
industry has, more perhaps than any other, to struggle against a variety of 
difficulties ; the actu^ losses of alcohol are enormous, and no one is able to offer 
any rehable explanation of their cause. The introduction and intelligent use of 
suitable pure culture ferments would be a great boon. How much still remains 
to be done and ascertained in this instance can be estimated by a comparative 
glance at the conduct of fermentation in the operation of brewing. Not least 
among the advantages to be derived from such a method of working — which we 
may hope will soon be elaborated — would be the possibility (not afforded by the 
present method) of combating the ‘‘vinegar eels.” ^ With regard to these 
objectionable parasites, it may be mentioned that detailed morphological and 
physiological information concerning Angu%lkda aceti will be found both in 
Ozernat's monograph (excerpts from which are contained in Borgmann's trans- 
lation of Pasteur's Etudes mr le Yxna^gre) and in a treatise by G, Lmoman (I.), 
which latter work chiefly deals with the pathogenic potency of these worms. As 
Sadebbok (I.) has found, these parasites are occasionally themselves mfested and 
killed by a fungoid parasite belonging to the group of Oomycetes (mentioned in 
the second volume), and known as Pytlmmi Anguillvdce 
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THE OXYDASES. 

§ 214.— The Browning of Wines. 

In addition to the purely chemical absorption or fixation of oxygen [e.g. in tli 
conversion of SO, into SO,), on the one hand, and the oxidation effected direct! 
by the vital activity of micro-organisms on the c^iher, there is a third method ( 
transferring this gas, viz., by the action of enzymes, to which the name oxydase 
proposed for them by Weigert, may be generally applied. How many kinds < 
oxydases exist is a matter for future research to determine. At the presei 
time the subject is merely in an incipient stage, though the commencemei 
made is a highly promising one, and has already led to the explanation < 
several phenomena which only a short time back were regarded as extreme 
puzzling. 

One of these is the so-called “browning” of wines, known in Erance j 
“Z a OCWS0,” “Zfl or “cassitre” (Ger. Eakn-Werden or Bravm.w&rd&ri 

This occurs chiefly in white wines and was for a long time classed along with t! 
malady known as loss of colour in (red) wines. In France attention was fir 
directed to its distinct character by Aem. Gautier (I.) in 1878, but in Gennai 
this was known at an earlier date. The most important characteristic of “ v 
0088^ ” is the rapid change of colour undergone by the wme as soon as it is pour< 
out of the cask or bottle mto an open glass, the colour of the upper laye 
(exposed to the air) of the hitherto pale liquid becoming darker, and finally ( 
the course of a few hours) becoming brown. This coloration also gradually pi 
greases m the deeper layers, and, at the same time, the flavour becomes unpleasa 
(air taste). Turbidity then ensues, but disappears m proportion as a fine da 
brown pulverulent s^iment settles down. The liquid is now (three to fo 
hours after the commencement of the experiment) again bright, though dark 
in shade than when newly drawn from the cask. The taste has also improv 
again, without, however, being equal to what it was at first. 

In view of the fact (indubitably proved by Nesaler^s experiments) tk 
this mfidady only occurs when air is admitted, it was regarded as an oxic 
tion process, without any more precise acceptable explanation being forthcomii 
After Gautier had presumed, and A. Bouffard (I.) in 1894 had demed, t 
probability of bacterial activity in this phenomenon, it was shown by 
GouiRANn (I.) that we have here to do with the action of an enzyme which ph 
the part of a carrier of oxygen. He isolated the same (though not m a pi 
state) from browned (white and red) wines, and produced therewith the sai 
malady in previously sterihsed sound wines. This enzyme must probably be 
gaxded as acting by the absorption of atmospheric oxygen, which it then gives 
again, not only to the colouring-matter in the wme, but also to the tannin, a 
thus converting them into insoluble dark-coloured compounds. It is to be hoj 
that, ere long, this matter will have been made clear by further mvestigation 

It is found by experience that the wines obtained m wet autumns fr 
rotten grapes, as also those affected with “ sweet-rot ” {Edelfavle ; 
nohU)^ and such as are poor in acid, are subject to this mala^^y with compar%t 
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frequency. Neesler made searching investigations into the means of combating 
this complaint in practical viticulture. The moat important result obtained 
was the discovery that the browning of wine can be prevented by thoroughly 
fumigating the casks with 1-2 grams of sulphur per hectolitre — 22 galls, or 
3.53 cubic feet— of cask-room before use, the malady being found, in Nessler^s 
experiments, not to ensue when the wine contain^ a mimmum quantity of 
0.003 per mil. of SOj. According to the researches of Gouirand, this enzyme is 
destroyed by a temperature of 80° 0 , 60° 0. being apparently insufficiently 
reliable for this purpose. Mt^LLEE-THUBGAu (VI.) made the discovery, im- 
portant in cellar management, that the tendency of wine to turn brown could 
be prevented by Pasteurisation, i.e keeping it for some time at a temperatoe 
of 6 o°“ 62° 0., which it will endure without acquiring the so-caUed “boiled” 
taste. 

The acquisition of a more accurate characterisation of the enzyme, and the 
consequent possibility of distinguishing it from other oxydases, is desirable, this 
being a necessary preliminary to the elucidation of its origin. Possibly the 
enzyme is not formed anterior to fermentation, but, on the other hand, its 
presence in the grapes themselves and m the must is not absolutely precluded. 
V. Mabtinand (I.) has actually found oxidising enz3mieB in wine-must on many 
occasions. The elucidation of the conditions under which browning may be 
caused in wines is a subject requirmg further investigation, the question 
whether the presence of special metaboKc products is essential, or whether the 
oxydase here concerned differs from those observed by Martinand, being stUl 
unsolved. Moreover, it appears from the discoveries of this observer that, in 
the maturing of wine, the alterations of flavour occurring — and which may be 
accelerated by the influence of oxidismg agents (ozone, the electric current) — 
are, under natural conditions, brought about by the agency of oxydases which 
still require closer identification. The same applies to the darkening of the 
colour of wine during storage. According to G. Tolomei (V.), oxydases are 
also produced by the wine-yeasts SoiOchoA^omyces apmUatm and Sa^h. dhp- 
8 oideu 8 . 

§ 215.— The Rapid Discoloration of Fresh Vegetable Juices 

is in many cases attributable to the action of oxydases. Technical interest 
m the discoveraes made on this point is chiefly centred in the researches of 
G. Bbrteand (II ) on Japanese lacquer, that lustrous and extremely durable 
varnish employed in Eastern Asia for coating wooden furniture and similar 
articles. By making incisions in the bark of the indigenous Rh/ns vemioifera — a 
tree of the family Anacm'dioGeoB and closely allied to the European garden-tree 
Rh/iis ootinua (Venice sumach) — a juice is obtained which, on admixture with the 
oil from Bignoma tomentosa and (for red lacquer) vermilion, yields the lacquer 
in question. This juice resembles a thick pale cream and will keep unchanged 
for a long time if stored in closed bottles, but quickly turns brown when aii‘ is 
admitted, becoming covered in a few minutes with a tough black skin, and 
finally hardening — this being, m fact, the property for which it is so highly 
prized. That a process of oxidation is here in question cannot he doubted. 
The constituent thus converted has been isolated by Bertrand under the name 
of laccol, and recognised as a compound allied to the polyatomic phenols, and 
capable of producing extremely violent reddening and inflammation of the skin 
if applied in even very minute quantities. The juice also contains an oxydase, 
named by Bertrand laccase, by the known oxygen-carrying powers of which the 
laccol is rapidly converted into a hard, block oxy-compound, insoluble m water, 
alcohol, &c. This product is not obtained in the absence of the enzyme, only a 
resinous soluffie grqpEO, that remains sticky for a long time, being obtained ui^er 
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suoh oiroumfltancea. In addition to laccol, other polyatomic phenols (pyrogallal, 
hydroquinone, &c.) and their acid derivatives (e.y. gallic acid and tannm) are 
quickly oxidised by laccase in presence of air. According to the further dis- 
coveries of Bbutband (III.), the polyphenols containing at least two groups of 
OH or NHj (either in the ortho- or in the para-position) are also easily and 
readily oxidised by this oxydase. 

This interesting discovery gave an impulse to the elucidation of several other 
phenomena interesting both to the food-stuff chemist and the agriculturist. It 
is well known that the freshly broken or cut surfaces of raw apples rapidly 
become discoloured on exposure to the air, at first turning reddish and then 
becoming brown. This is the cause of the ugly colour of expressed apple-must. 
Housewives skilled in cookery are aware that this alteration of colour does not 
ensue if the cellular structui’e of this fruit is preserved unbroken until after the 
apple has been boiled. L, Lindet (I.) m 1893 explained this discoloration as 
resulting from the action of an enzyme, to which he subsequently gave the name 
of laccase — ^without, however, implying the identity of this with the oxydase of 
the lac-tree. The name of malase would probably be more suitable for this apple 
enzyme. In the case of apple- jmce also, oxygen is carried by the enzyme to the 
tannin, and thus dark-coloured oxy-compounds are produced, which are pre- 
cipitated on the cell walls as a fast, permanent dye. The spottmg of sound 
ap]^^ under the rind, the so-called brown spotting, is explainable m the same 
manner. So long as the structure of the cell remains perfectly intact, the 
atmospheric oxygen cannot obtain access to the enzyme (in the plasma) or to the 
tannin. As soon, however, as by mechanical action {e,g, the dropping of the 
apple from the tree, pressure in packing or transit, &c.) any of the cells become 
ruptured, then an opportumty is afforded the oxygen to act on the now exposed 
constituents of the plasma. If the nnd of the fruit remams uninjured, the aii 
gams admission to the interior merely through the mtracellular spaces alone, andj 
in such event, will produce only a famt reaction and slight discoloration 
"Whether, as assumed by Lindet, the enzyme and tannin are contained m separate 
cells (z.6. distinct from each other), is a question still requirmg more accurate 
research on the part of the botanist to decide. 

The darkening of beet-juice, or the rapid discoloration of the fresh slices oi 
beet in the sugar-works evidenced even when cutting-tools devoid of iron are 
employed, is equally attributable to the action of an oxydase present in the sugar- 
beet. This was discovered by G. Bbrthand (IV.), and received the name ol 
Tyrosinase, because it carries atmospheric oxygen bo the tyrosine — well knowr 
to be abundantly present in the cells of the sugar-beet — and thus produces the 
discoloration in question. On the other hand, laccase has no effect on the said 
amido-compound. Apart from this property, tyrosinase is also characterised bj 
its greater susceptibility both to heat and chemical influences. It occurs m othei 
plants, e.y. the bulbs of the dahlia [Dahlia va/iriabiUs) According to the 
researches of G, BERTaAND (V.), oxidising enzymes are also found in othei 
plants, e.y. in the carrot ; the tubers of the potato (which, as is well known, 
rapidly become discoloured when cut in an uncooked state) ; m the pear, qumce 
and chestnut ; in the sprouts of asparagus, clover, lucerne, and rye-grass ; ir 
the leaves of the potato, sugar-beet, &c. For detectmg this claas^ of enzymes 
Bertrand recommends the employment of guaiacum tincture, which produces 
therewith a blue coloration when dabbed or poured on to the cut surface or juice 
under examination. To isolate these enzymes the plant juice is mixed with 
alcohol, the resulting precipitate being dissolved in a little water and filtei’ed 
On pouring the filtrate into five volumes of alcohol, a precipitate consisting of the 
desired enzyme will be formed. 

The so-called rusting or tarnishing of many of the ag^cs, 7 . 6 . the ra^ic 
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. discoloration of fr^hly broken or cut surfaces in the body of the fungus, is well 
I known. The bluing of two of these, which he styled Boletus Iwridus and 
Agarim^ sanguinem (?), was explained by Oh. SohOubbin' (I.) in 1856, by stating 
that these fungi contain a resinous substance soluble in alcohol (the above- 
mentioned reaction with guaiacum tincture will be remembered !), and becoming 
adverted into a blue oxy-compound when brought into contact with ozone. 

formation of this latter from the oxygen of the air is accomplished by the 
^kvity of another substance, also present in the fungi, and destructible by heat. 
This active substance was subsequently (in 1895) proved by E. Bouhquelot and 
(i Bbbteaot (I.) to be an oxydase, and was detected by them in 59 out of 107 
species examined • e,g. in 18 species of the genera Riismla and Lcboia/tivi^s^ 
10 ^ecies of the Boletm, 2 species of the genus Amanita, &c. According 

^ Bourqttelot and Bbutband (II.), the enzyme giving rise to 

the bluing ^ Boletus cyamscens is similar to laccase ; but another oxydase, 
^usmg the freshly fractured surfaces of B^issula nigricans to first turn red and 
nnally become black, is certainly different. 

G. lotoaiBr (YI.) discoyeijed in ripe olives an oxydase which he called olease. 
In many parts of Italy it is customary to allow the ohves, before putting them 
tmou^ the press, to undergo a spontaneous decomposition, which is chiefly 
efleoted by this olease, but has not yet been sufficiently investigated. This 
enzyme also passes mto the oil prepared at temperatures below 70° 0., and pre- 
sui^bly continues to convey oxygen gradually thereto as well, oleic acid, acetic 
aoiu, sebaoic acid, &c., being formed. 

Another phenomenon not yet accurately known (but possibly also attributable 
to enzymatic activity) will now be considered, since otherwise no convenient 
opportunity would offer, and that is 


§ 216.— The Bittering of Wine. 

This malady makes its appearance in many districts, such as the I’l-ench Jura 
(Burgimdy wine), the Ahr valley (Eheinland), Voslau near Vienna, and SioUy 
(Vino del Faro di Messina), with comparative frequency, and almost exclusively 
• 'wmes. The commencement of the disease is evidenced by a reduction 

in toe acid content, the wine becoming apparently sweeter again (French cellar- 
masters say fe mn douome ’’) By degrees the hquid turns paler, and is finally 
decolonsed completely, the colouring-matter being deposited as an insoluble 
sediment or covering the walls of the bottle as with a sMn. Ooncurrently, the 
ime develops a strange odour and a bitter after-taste, which finally becomes so 
strong to render the hquid undrinkable. This malady first makes itself 
^parent m toe second or third year of storage, and oftentimes not before the 
W1I10 IS Dottloa for inaturiiig. 

Inspecting the Muse of this incurable disease of wine, nothing reliable can 
as yet be stated. Pastbub (XVI.) attributed it to the activity of a rod-shaped 
fission fu^ without, however, being able to throw any further light on the 
matter, liie b^teria found m large numbers in bitter wine ore for the most 
part covered with flakes and fragments of the precipitated brownish red colouring- 
matter, and hence very often assume remarkable shapes. They may be freed 
from these mcrustatioim by the addition of a droplet of a solvent mixture of 
alcohol and tartaric acid to the preparation. R. Adbuhold (I.) unsuccessfully 
attempted to prepare pure cultures of the orgamsm suspected of causing thm 
malady, but Pbekonoito and Maggioba (I.) were able to artificiaUy induce the 
compl^t in sound wines by inoculatmg them with a bouillon culture of 
mifflobes ^covered in bitter wine; the infection, however, succeeding only in 
suoh samples Ss coniained less than 8.5 per cent, of alcohol. The attempts at 
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Booulation made by B. Kramer witb a bittered white wine from the province of 
Kustenland (Austria) did not prove satisfactory. At present, uncertainty pre - 1 
vails not only with regard to the organism causmg this complaint and the^ 
external conditions influencing its development, but also as to the nature of the 
bitter prmciple itself. The opinion expressed by Mulder, that citric ether is in 
question, was refuted by 0. Keobaube (I ), who proved that this (still uninvesti- 
gated) bitter principle is a compound that is not volatilised by boilmg the wine, 
From experiments made by J. Bbhsoh (I.), it is permissible to conclude that the 
tannin present is decomposed and consumed by the organisms here jin question. 
This observation would suffice to explain the fact mentioned at the commence- 
ment of this paragraph, that bittering is almost exclusively confined to red wines, 
these containing, as is well known, a somewhat large amount of tannin absorbed 
from the skins and kernels of the grape durmg the primary fermentation. 

It may be useful to casually mention, in conclusion, that the bittering of 
alcoholic beverages, beer in particular, may also be occasioned by higher fungi 
(yeasts). Fuller p^iculars wOl be found in a subsequent chapter in the second 
volume, dealing with Sa>(yi1mromyc68 FojStoHcmm, and to which the reader is 
hereby referred. 
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Fifth Edition, Revised. la Laijee 8vo Pp i-xxiv + 511. With 255 
Diagrams, Examples, and Tables, and a Chapter on Foundations. 
Clodi, i6s. 

THE DESIGN OF STRUCTURES: 

A Praetleal Treatise on the Balldlnsr of Bridges, Roofs, &c. 

by S. ANGLIN, C.E., 

Muter of EngiiieerinB:, Royal ITorversity of Ireland, late \^tworth Scholar, &c. 

"We can unhesitatinfly recommend dim work not only to the Student, as the bbst 
Text-Book on the subject, but also to the profesaoiial engineer as an xxcxRSiitGLY 
'VALUABLE book of reference. World. 


In Large drown Svo. Oloth. Pp. i-xiv + 236 With 201 Blnstrationi. 

68. net. 

AN INTRODUCTION TO 

rrSEEi DESXGEN OF SFJBLIVXS, 

GIRDERS, AND COLUMNS 

IN MACHINES AND STRUCTURES. 

With Examples in O-raphlo Statloa 

By william H. ATHERTON, M.So., M.LMeoh.B. 

"A very nseful souroe of Information. . . A work which we commend yeiy 

•ilghly ••-Natw a 


Fourth Edition, Thoroughly Revised Royal Svo. Pp i-xxx + 456. 
With 239 Ulustrations m the Text, and 13 Lithographic Plates Hand- 
some Cloth, Price 30s 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Construction of Bridges In Iron and Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 

By T. CLAXTON FIDLER, M. Tnst. C.E., 

Late Prof, of Engmeenng, University College, Dundea 

"The new edition of Mr Fidler’s work will again occupy the same conspicuous 
«>OSJTiON among professional text-books and treatises as has been accorded to its pre- 
•deceasors Sound, simple, and full."— Engineer 


In Medium Svo. Pp i-xv+248 With 103 Illustrations Pnce los, 6d. net 

CONSTRUCTIONAL STEELWORK: 

Being Notes on the Practical Aspect and the Principles of Design, together 
with an Account of the Present Methods and Tools of Manufacture. 

By a. W. FARNSWORTH, 

Associate Member of the Insbtute of Mechanical Engineers 
" A worthy volume, which will be found of much assistance A book of 

^particular value " — Practical Engineer 
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CHARLES QRIFFIN <b CO.’S PUBLICATIONS. 


Sbookt) Edition, Reyised. In Large 8vo. Handsome Cloth, Gilt. 
With 37 Foldmg Plates and nearly 500 lUnstrations in 
the Text, 30 b. net 

The Principles and Practice of 

DOCK ENGINEERING. 

By BEYSSON OTJNNINGHAM. 

GENERAL CONTENTS. 

Histonoal and Bisonrsiye. — Dock Design. — Constrnotive Apnlianoes. — 
Matenala. — Dock and Qnay Walls — Entrance Passages and Looks — 
Jetties, 'V^arveB, and Piers. — Dock Gates and Oaissons. — Transit Sheda 
and Wawhousea. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. —I itddx. 

We hare nerer seen a more profasely-OlUBtrated treatise. It la a most Imixirtaai 
mndard work, and ahonld be in the hands of all dock and harbour engineers iSteomtAtp. 
Will be of the greatest serrloe to the expert as a book of reference.** — Bnginegr 


In I^arge 8vo. Pp i - xu + 283 With 18 Plates, 11 Tables, and 220 
Illustrations in the Text 16 b. net. 

A COMPANION VOLUME TO “DOCK ENOINEEBING.” 

TTTB PBINOIPLES Ain) PBAOXIOE OV 

HARBOUR ENGINEERING. 

By BEYSSON OUNNINGHAM. 

OoNTBWCS. — Introductory. — Harbour Desi^ — Surveying, Marme and 
Submarine.— Piling -^bone, Natural and Artmoial.— Breakwater Design — 
Breakwater Construction — Pierheads, Qu^, and Landing Stages. — 
Entrance Channels — Ohannel Demarcation — ^Lnubix 

“ The best and most complete book we have seen on the subieot "-^Stecmuhip 
•* TTHa la a standard work . . . sure to prove a valuable book of reference " — 
JSffii^ping World 


In Grown 8vo Handsome Cloth. Pp i-xivx604 With many Dlua- 
trationa, including 7 Coloured and 16 Other Plates 128 net 

HYDROGRAPHIC SURVEYING. 

For the Use of Begrinners, Amateurs, and Port and 
Harbour Masters. 

By OOMMANDEE S. MESSUM, E.N, 

Instructor In Nautical Surveying, B.3Sr College, Greenwich 

Contents. — Sextant — Protractor — Station Pointer — Theodolite. — Projections - 
Symbols and Abbreviations.— Ploti^ and Trlangulatlon of a Small Plan.— Maat-head 
Angle Survey —Meridian Distances.— Appendix.— Index 
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Third Edition, Thoroughly Revised and Enlarged. Pp i-xvi+227. 
With 60 Plates and 71 other Ilhistrations. Handsome Cloth. 255. net. 

HYDRAULIC POWER 

AND HYDRAULIC MACHINERY. 

Bv HENRY ROBINSON, MJnst.C.E , F.G.S., 

FALLOW or KINC^S COLUtGB, LOHDOH , PKOF B3CBS1TU8 OF CIVIL BNGINBERING, 

king's collbgb, rrc., vrc. 

Contents —Disch^o through Orifices. — Flow of Water through Pira — Accumulmton. 
— Presses and Lifts — Hoists — Rama — Hydrauhe Engines — Pumping Engines — Capstuu. 
•—Traversers — Tacks — Weighing Machines - Riveters and Shop Tools. — Punching, 
Sheanngi and Flanging Machines.— Cranes. — Coal Discharging Machines.— Dnlla and 
Cutters — Pile Drivers, Excavators, &c — Hydraulic Machinery ^plied to Bridges, Dock 
Gates, Wheels and Turbmes —Shields. —Various Installations —Meters. — Index. 

"The standard work on the application of water power ”— C«r«F/r Maramine 


Second Edition, QreaMy Enlarged. Pp. i-rLV-f336 With Erontiopiece, 
12 FkUea, and 279 other lUustrcUtone 218. net. 

THB PRINOIPIiBlS AND CONSTRUCTION OF 

PUMPING MACHINERY 

(CTEAM AND WATER PRESSURE). 

With Fraotioal HlnstrationH of Rnginids and Pumps applied to Mindto, 
Town Watbb Supply, UBAiNAaB of Lands, Ao., also Economy 
and Effioienoy Trials of Pumping Machmery. 

By HEl^RY DAYEY, M.Inst.O.E., M.Inst Mboh.B., &o. 

OoBraBNOTS —Early History of Pumping En^es— Steam Pump^ Engines— 
Pumps and Pump Yidves — General Principles of Non-RotatiYe Pumping 
Engines— The Oomish Engine, Simple and Compound — Types of Ml^g 
Bngmes— Pit Work— Shaft Smk^ — Hirdrauho Transmission of Power in 
Mmea — Eleotno Transmission of Power— Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works En^es — Pumping 
Engme Economy and Trials of Funding Maohinery— Oentnfngal and other 
LoW-Lift Pumps- Hydraulic Rams Pumpmg Miuns, &c.— Index. 

“By the ‘one English Engineer who probably knows more sbont Pnmplng Machinery 
than ANY OTBBR.' . . A VOLUME RBOOBPDfO THE EBSimrS OF LONG BZFEnDCXrCB AND 

STUDY J%e Srif^nar 


In Medium 8vo With over 1000 lUuatrations Oloth. 

A JMIAJKrXJAX:i OF 

CIVIL ENGINEERING PRACTICE, 

Specially Arranged for the Use of Munioipal and County Engineers. 

By P NOEL TAYLOR, CrviL Engineer. 

Contents —Oi-dnanoe Maps.— Chain Surveying —Surveying with Angular Inatru- 
ments —Levelling —Adjustment of Instruments —Mensuration of Areas, Volnmes, 
■&C —The Mechanics of Engineering, &c —Beams.— Pillars, Stanchions and Shafting. 
—Design of Structuie. — Arches. — Graphic Statics —Mat^als of Oonstruotion.— 
Engineering FoundatioDs — Biickwork and Masonry — Walls —Oonstruotlonal Car* 
penteilng —Rood Mateiiais — Boad Oonstruotion — IBLelnforced Conorete Oonstruotion 
— Masonry Bi*!dge^B and Elver Work.— Hydiaullcfl.— land Drainage —PamplDg Maohinery 
and Stations — ^e Use of Water-Power —Main Drainage— Sewage Disposal — Eoyal 
Commission on Sewage Disposal —Salford Sewage Woika.— Sanitation, House Dralnsge 
and Dlslnfeotion — Eefuge DisposaL— Waterwoika Preliminary Considerations and 
Sources of Supply —Oonatmeraon, Filtration and Purification.— Water- works. — DIs- 
trfbutlon —Chimneys, Bidok and Steel —Steel Gonsti'uotlou , Stanchions, Rivets and 
Bolts —Steel Construction , Beams and Girders.— Combined Stniotures In Iron and 
Steel —Specification —Electric Tramways — Appendix —Index. 
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Sixteenth Edition, ThorougUy R€fo%sed. Lcurge 8vo, Cloth, 
pp. i-xnv+712. With 260 Rluatrations^ reduced from 
Worhmg Lrawmga^ and 8 Plates. 21^ net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPBISINQ THB DESIGNING, OONSTBUOTION, AND 
WORKING OP MARINE MAOHINERT. 

By A. E. SEATON, M.I.C.E., M.LMeeh.E., M.I.N.A. 

Ghnbbaii Contents. — Paht I — Prmoiples of Marine PropnUion. 
Past U — Prino^lee of Steam En^eermg Paht HI — Details of 
Marine Engmes : Design and Calculations for Cylmders, Pistons, Valves, 
Eipansioi^ Valves, &o Part IV —PropeUers Part V. — Boilers, 
PaR% VI.T^diBoellaneouB. 

Dranghtiman, and En^eer will find this work the most valuable 
HAl^^prof Referenoe on the Marine Eninne now m eziitenoe ifariiu Enoineer.. 


Tenth Edition, Thoroughly Revised. Pooket-Size, Leather. 8s. 6d. 

A POOEBT-BOOE 07 

M&RINE ENGINE£RIlie RULES AND TABLES, 

VOB THI TTBB 0* 

Hai^e Engineers Naval Arehlteets, Designeis, DFaaghtsmen. 
Saperlniendents and Others. 

By a. E. SEATON, M.LO.E, M.I.Meoh E., M.I.N.A, 

AND 

H. M. ROTJNTHWAITE, MLMech.B., MI.N.A 

The best book of Its kind, and the Information la both np-to date and reliable ’ 
Engineer 


In Large 8vo, Handsome Cloth With Erontiapieoe, 6 Plates, 

66 other HlnstrationB, and 60 Tables 12s 6d net 

SCRIEIW PROPR R 

And other Competlnfir Instruments for Marine Propulsion. 

By a. E SEATON, MInst.OE., M.IMeghE, M.I N A 

" Oontalna all that Is useful to know about the aorew propeller Thoroughly 

np-to-data.*'— )StfiamaA^Jo 


In Large Grown 8vo. Handsome Cloth 4b 6d net. 

THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

By LIONEL M. HOBBS, 

Engineer-Lleateiiant, B.N , Inatmotor hi Applied Meohanloa and Marine Engine 
Dealira at the Royal Naval College, Qroenwloh. 

”0e^M lt| purpoae admirably ahould prore of Invaluable aervloe well 

np-to-date ."— World 
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Second Ediiion, Revised Profusely Illustrated. Greatly Enlarged 

1 8s net 

THE THEORY OF THE STEAM TURBINE. • 

A Treatise on the Frlnelples of Construetlon of the Steam Turbine, 
with Historleal Notes on Its Pevelopment. 

By ALEXANDER JUDE. 

Contents —Fundamental —Histoncal Notes on Turbines —The VdoCity of Steam — 

Types of Steam Turbines — Practical Turbines. — The Effiqency of Turbines, I — 

Trajectory of the Steam — EfBaency of Turbines, Typos II , III and IV — ^Turbine Vanes — 

Disc and Vane Fnction in Turbmes —Specific Heat or Superheated Steam — Streueth 
of Rotatinjr Discs.— GoTemine Steam Turbmes — Steam Consumption of Turbmes —The 
Whirling of Shafts — Sp?ed of Turbmes.— Index 

** One of the latest text-books also one of the best , . there is absolutely 

no paddmg '*—Str William WhiU in the Tivus Engineering Supplement. 


In Large Grown 8vo. Handsome Cloth With 131 Ulnstrations 6a. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Pbof. J. harvard BILES, M.InstN.A 

"This 1 b the best popular work on the marine steam turbine Trhioh has yet appeared." — 
Steanuhlp 


Sixth Edition, Revised. Large Grown 8vo. Pp. i.sn + 392. With 
5 Plates and 111 Hlastrations in Text ba. net. 

ENGINE-ROOM PRACTICE.- 

A Handbook for Eneflneers and Officers In the Royal Navy and Mercantile 
Marine, Including the Management of the Main And Auxiliary 
Engines on Board Ship. 

By JOHN G. LIVERSIDGB, Enqb.-Oommb E.N . A.M I.O.E. 

" This VERY USBFUIj BOOK ILLUSTRATIONS are of GRHAT mPORTANOB In a 

work of this kind, and It 1b satisfactory to find that bphoul attention has been given 
in this reapoct ” — B^igineers* Gazette. 


In Large Crown Sm Handsome Cloth. Fully lllwttated. Qs net 

SEA WATER DISTILLATION. 

By ERANK NORMANDY, of the Middle Temple, Barnster-at-Ltaw 
OoNTBNTS — DlfltUllng Machluery —Sea Water —Steam — Mult^le Distillation —The 
Evaporator —The Diatflling Condenser —Pumping Maohlnery — Useful Memoranda — 
The Filter, Prevention of C^orroslon and Decay of Metals, Removal of Scale, Cleaning, 
Overhauling, (fee —Index 

“ The analytical treatment of the pi-oblera is concise and oompi'cheuslve in its scope **■ 
—Marme Engineer =-^== 

Fourth Edition, Revised. Pooket-Size, Leather Pp. i-xiii + 683. 

12s. 6d. 

BOILERS, MARINE AND LAND.- 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook of Rums, PoRMULi®, Tables, &a , belative to Matebials,. 
SOANTLINOS, AND PeBSSUBBS, SAFETY VALVBS, SpRINQS, 

PiTTINOa AND MoUNTINOS, &0. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILBR-MAKEB8, 
AND STEAM USERS 

By T. W. TRAILL, M Inst. 0. E., P E. R. N., 

Late Engineer Snrveyor-ln-Ohlef to the Board of Trade. 

“ Contains an BifOBJCoua Quartitt oi Iotoematioit arrranged In a very oonyenlant fom, . 

A HOST XTBEvnii VOLUICB supplyliig Information to be had nowhere else. — The Enginaer 
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Thibd Edition, BeviBed. Pp i-xv + 366 With Frontispiece, 8 Plfttes 
and 218 Illustrations m the Text. 21b. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING : 

A Fraetleal Tezt'Book for the Use of Engrlne Builders, 
Deslgnens and Ilraagrhtsmen, Railway 
Engineers, and Students. 

By WLLUAM frank PETTIGREW, M.Inst.OJ:. 

OMtcfUA, Histories Introduction 1768>1868,— Modem LooomotlTeB Simple.— 
•Sodern Looomotl-vei ; Oomponnd, — Primary Conelderatlon in Locomotive Design.— 
Ovllnderst Steam Oheeta, and Stalling Boxes — PistonSf Piston Bods, Orossbeods, and 
Bude Bom.— Oonneotlng and Coupling Bods.— Wheels and Axles, Axle Boxes, Homblooks, 
and Bearliw Springs.— Bolanolng.— valve Gtoar.— Slide Valves and Valve Gear- DetaUs — 
Framlng^ojnes and Axle Tracks, Badlal Axle Boxes.— Boilers.— Smokebox. Blast Pipe, 
Firebox FitUngs.— Boiler Moontlngs —Tenders.- Ballway Brakes.— Labrloatlon.—Oon- 
snmp^n of FneL Bvaporation and Engine Efflciency -Repairs, Banning, Inspection, 
and mnewols.— Three Appendices — bidex. 

* The book is very tmly a fall treatise on the locomotive to date.' — Carstdr’s Mag<uiM, 

“The work ooBTOim all that oah bb lxabbt from a book upon each a saMect. It 
win at once rank as thb sxahdahd wobx upon tbu ikfobtabt subjbot."— B oiZwajr MagoMiM, 


In Large 8vo Pp, i-xxi + 189. With Frontispiece and 148 other 
niufitrations. Ss. 6(1. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. P. GAIENS. 

CONIBHTS — Introductory — Oompoundlng and Superheating for Locomotives — ^A 
Olassiflcatlon of Compound Systems for Locomotives.— ^e Hlatory and Development of 
the Compound Locomotive — Two-Oyllnder Non-Automatlo Byeftems. — ^o*Cy Under 
Automodo Smtems — Other Two-OyUnder Systems — Tbree-Gylinder Syst^s — ^ITour- 
CyUndei Tandem Systems — Pour-Oyllnder Two-Crank Systems (other than Tandem). — 
Four-Cylinder Balanced Systems. — ^Four-<^llnder Divided ana Balanced Syst^a — 
Articulated Compound Engines — Triple-Expansion Looomotlvea — Compound Back 
Locomotives— Concluding Kemarka Ooncemlng Compound Locomotives — ^liie TTse of 
Superheated Steam for Locomotives -Index. 

“ A welcome addition to the library or the railway engineer '"—Englttetriiiff Times 


In Large 8vo. Handsome Cloth Pp i-xi-i-339. With 9 Plates. 168. 

I-IGiaT RiLIXiWJS.YS 

AT HOME AND ABROAD. 

By william HENRY COLE, M.Iiist.O.R, 

Late Deputy-Manager, North-Westem Railway, Indio. 

*' The whole sabject Is exhaustively and beaoiioallt considered. The work ft*" be 
cordially reconunended os htdisfehsable to those whose duty It is to become aoqnalnted 
with one of the prime necessitlea of the immediate fatore.''— AaiZtsay Ojflcial GoMette. 
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In Crown 8vo, Handsome Clotih. Very Fully lUustratedi 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

Bv W. POYNTER ADAMS, M.InstKE 

PART I.— THE PETROL CAR. 5s. net 

SfCOHD Edition. Pp i-xu+204. With 36 Illustratjons, including 
o Plates and Frontispiece. 

Should be carefully studied by those who have anything to do with motors.' — Autc^ 
mobilt and Camag§ B^derd Journal 

PART IL— ELECTRICAL AND PETROL ELECTRICAL 
MOTOR CARS. 5s. net 

Pp i-x + 202. With 50 UlustrationB, moludmg Prontiapieoe and 
8 Plates, oontaiDB also 13 page Glossary. 

“Cleverly written . . will be found of considerable value,— ProciicoZ J^nginur 

In Large 8vo Handsome Cloth. Pp i.ix + 876 With 12 Folding 
Tables and 329 HlustratiODs 18 b. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors, 
By P. STRICKLAND. 

GBNBaAii Ookudnss — Past L BuraiNias.— Historical —Power Hec^ulred —General 
Arrangement of Engines —Ignition — Oarburettors -Oyllndera, Pistons, Valves, &a— 
<Jran]c Shafts, Crank Chambers, Cams, Bimners, Guides, ifeo.— Pomps — Fl^heels — 
Pipe AiTang^ent8.—fiU6D0er8.— Engine Control, Balancing —Motor Cycle mgines.— 
Marine Motors.— Two-Oyole Motors —Paraffin Carburettors —Gas Producers PABX 
n Cabs.— General Arrangements — Clutches — Transmlsslou —Differential Gears — 
Universal Joints.— Axles. — Spilngs — Badlus Bods — Brakes — Wheels — Prames — 
steering Gear — Badlator. — Steps, Mudguards, Bonnets, <fto — Lubrloation. — Ball 
Bearings.— Bodies. — Paotors of Saiew —Calculations of Stresses —Special Change Speed 
Oears —Special Oars — Comraerolal vehicles — Baolng Cara.— I ndbx. 

“Thoroughly praotloal and solentlflo. We have pleasure in recommending It to all " 

— JtfeoAanioat Snfjinttr 

In Medium 8vo. Handsome Cloth. Pp i-xv + 272. With 806 
HIuBtratioDB. 15 b. net. 

OIL MOTORS. 

Their Development, Construction, and Management. 

By G. LIEOKFELD. (Authorifled EngliBh Edition). 
CONTENTa— Liquid Fuels for Power Produotlon.— Development of the Petrol and 
Paraffin Motors — WorMnn of the Later Paraffin and Petrol Engines —Ignition Devices. 
—Examples of Stationary Petrol, AloohoL PoL'affln, and Crude Oil Engines —Automobiles 
— dbip Boat, and Alr-ablp Engines — Vehloles, <ko., Driven by Intemal Combustion 
Enclnes -Erection and A^ndanoe of Engines Driven with Liquid Enel.— OoirectlDg 
Irregularities In K mining 

“One of the most oomprehenBive publloatlous we have perused, and one that can be 
thoroughly recommended*’— Hcniew 


InDemySvo. Handsome Cloth. Pp i-xi+ 176 With ^ 

130 lUuBtratioDB 6 s net. 

CARBURETTORS, VAPORISERS, & VALVES, 

used In Internal Combustion Engines. 

By EDWARD BUTLER, M I.Meoh.E. 

“ Mr Butler writes with an Intimate prnotlcal knowledge of his subject, and the book 
is one we have every pleasuie In recommending "—Meohanioal Biigineer 
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Fifth Edition, Revised and Enlarged With additional Illustrations. 
Large 8vo, Handsome Cloth 255 net 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M Inst C E , M Inst Mech.F 
Revised throughout by T. Graves Smith With important New Chapter 
by Prof Burstall 


In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THEREAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

with Tests and Experiments on Different Types, Heating Value of Fuels. 
Analyses of Gases, Evaporation, and Suggestions for Testing Boilers 

By BRYAN DONKIN, M.Inst C E 

Probably the von xxeaubxivb ruvmi that baa ever been oolleoted A paaonoAL 
Book by a thoroughly praotloal man.''>-/ron and Coal Tradu Bsniew, 


In Large Crown 8vo Cloth Pp. i-vii + 198 With 65 lUnstrations 

5s net 

SUCTION GAS PLANTS. 

By Pboe 0 A. SMITH, of the East London Teohnioal College 
OONTENTS —Introduction.— Details of Construction —Fuel and Testing —Application 
and Uses of Suction Plants —Working the Plant.- Typical Plants —Plants for fecial 
Purposes.— Total H P —Effluent —Cost of Gas Production —The Gas Engine — Bibllo^ 
graphy — Oalorlflo V^ue of Coal Gas —Of Solid Fuels —Gas Analysis -Destruction of 
Tar In the Producer —Detection of CO in Exhaust —Capital Cost — Indhx. 

•* This book Is one we can cordially recommend as affording a complete knowledge of 
the theoretical aspect of Suctlou Plants Gas World, 


In Handflome Cloth. Pp. ]-iv+262 With 93 Illustrations 12 b 6d net. 

THE GAS TURBINE. 

Progrress in the Design and Constrnctlon of Turbines 
Operated by Gases of Combustion. 

By henry HARRISON SUPLEE, B So 
"Will be of considerable assistance to gas power engineers " — Qao W&rld 


Second Edition. Large 8vo, Handsome Cloth Pp i-xxxi x 538 
With 167 Illustrations, 97 Tables, &o 21b net 

Lubrication & Lubricants: 

A Treatise on the Theory and Practice of Lubrication, and on the 
Nature, Ppoperties, and Testing of Lubricants. 

BY AND 

LEONAHD AEOHBUTT, FIG, F.G .8 , B. M DEELET, M I Meoh B , F.G S. 

Ohemlat to the Mid- Ey Co Chief Loco Super , Mid, By Co 

O0NIIINT8. — L Friction of Solids — ^n. LlmUd Friction or Viscosity, and Plastic 
Friction — HL Buperholal Tension — ^IV The Theory of Lubrication. — V Lubricants* 
their Sources, Preparation, a nd P ropertleB — VI Physical Properties and Methods or 
Examination of Lubricants — VII Chemical Properties and Methods of Bzaminatlon 
of Lubricants. — yIll The Systematic Teatlcg of Lubricants by Physical and Chemical 
Methods — II. The Meohanloal Testing of Luoricants — X The Design and Lubrication 
of Bearings —XL The Lubrication of Machinery — l]b)BX 
"A most valuable and comprehe islve treatise on a subject of the greatest importance* 
to engineers ” — Engineering 
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In Crown 8vo, Cloth. Illustrated with Diagrams 3s. net. 

THE FORCE OF THE WIND. 

Bt HERBERT OHATLEY, B.So. 'Em. (Lond ), 

Professor of Oivll Bnglneering, Tong Shan Engineering OoUege, N Ohlna. 

OoNTBUTTS — Praotioal Importance of Wind Pressure. — Impulsive- 
Porce of the Wind — Variations m Velocity — Stream Lme Theory. — Stress 
m Straotures due to Wmd. — Wmdmillfl — Tram and Motor Resistance. — 
Effect of Wind on Water — Soourmg Effect of Wind — Index 

“ Oonld not well be more terse or pointed ” — Symon^s Metom ologiocU Maganne 


In Grown 8vo. Handsome Cloth With 22 Diagrams 3s 6d. net 

STRESSES IN MASONRY. 

By HERBERT OHATLEY, B.So. Eng. (Lond). 
Contents — Strength of Stone. — Walls — Columns and Piers — 
Brackets and Cantilevers — Simple Arches — Vaults and Skew Arches. — 
Domes — Retaming Walls and Domes. — Artificial Stone. — Be-inforoed 
Concrete —Index 

A moat useful aid to Buiinouutlug the diffionltlea which this subjeot presents.”— 
Surveyor 


In Handaome OlotK W%th 11 Folding TahUa, 12fl. 0c?. net, 
EXPERIMENTAL INVESTIGATIONS ON THE POWER REQUIRED TO DRIVE 

IMCIXiZ^S. 

Tbanslatdd prom thjc German op J PUPP!^! 


Futh Edition. Pjp. i-xii + 167. Wuh Uluairatxona, OZo^, 4a. 6d 

STEAM - BOILERS! 

THEIR DBHBOTS, ICANAGBMDBNT, AND aONSTBtrOTIOK. 

By R. D. M tin bo, 

Oki^ Bfujineer of the Soottisk BoiUr Insuranoe and JBngxna Inapeotion Com^omy* 

" A valuable companion for workmen and enguieers engaged about Steam Boilers, ought 
to be carefully siudira, and always at hand '‘—CoU Guardian 


Br THB SAME AUTHOR 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experunent. With Diagram and Coloured Plate 3s. 


In Crown Cloth Pp, i-xu + r8o. With 143 lUwirattons* 5r. net, 

EMERY GRINDING MACHINERY. 

A Tea:t-Book of Workshop Practice In General Tool Grinding, and the^ 
Design, Construction, and Application of the Machines Emmoyed. 

By R. B HODGSON, A M Inst.Mech.E 

Eminently practical cannot fail to attract the notice of the users of this class oh 

machinery, and to meet with careful perusaL ” — Cfuin Trade Journal 


WliDON: CHARLES GRIFFIN UO., LIMITED, EXETER STREET. STRANIX 
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In Crown Quarto Cloth. Fully Illustrated. 10s 6d. net. 

AN ELEMENTARY TEXT-BOOK ON 

MECHANICAL DRAWING. 

Bt JOHN E. JAGGER, M.So (Vio)., Whit. Sch 

A work produced from Notes and Observations made durmg many 
Tears of Practice and Teaching, and presentmg the subject of Machine 
Construction and Drawing in a rational manner. 


iFitth Edixion, Thoroughly EevUed and Greatly Enlarged. Fp. i-z + 258. 
Witk 10 Plates and 246 other Dlustrations. Price lOs. 6d. 

VALVES AND VALVE - GEARING s 

*4 Praotioal Text-book for the use of Engineers, Draughtsmen, and Students, 

Bv CHARLES HURST, Pbaotioal Dhauohtsman. 

Pabs I —Steam Engine Valves I Pabt in —Air OompresBor Valves and 

Past n —Gas Engine Valves and Gearing 

Qeara I Pam IV —Pomp Valves 

"Ki. Huess’b talvu and vuvi-eaAanfs will prove a very valnable aid, and tend to the 
prodnotlon of Bneinefl of soinrririo nisioif and ioohouioal wouure . WIU be largely 

songht after by Bnidente and PailgnatB.''— Aforiite JBlnoiiuar 

*' As a praotioal treadse on the sabjeot, the booh stands without a rival"— J/iuAanfeal 
World 


Hints on Steam Engine Design and Construotlon. By OHABLHa 
Hubst, “Author, of Valves and Valve Gearing.** Seookd Editiok, 
Revised. In Paper Boards, 8 vo., Cloth Back. Pp i-vi+62. With 
32 lUuBtrationB. Price la. 6d. net. 

OoKiBSn.— L Steam Pipes — IL Valves, — ID- Oyllnders —IV Air Pumps and Oon> 
densers.— V Hotlon Work,— VI Crank Shafts and Pedestals — VIL Valve Gear.— VIIL 
lAbxloatlon —IX. Hiscellaneoui Details — Ihdbx. 

A handy volume whloh every praotioal young engineer should possess."— 2^ Jiodol 
Aipffuer 



Fifth Editiok, In Two Parts, Published Separately. 

A TEXT BOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.So., A.M.I.O.E., A.M.I.Meoh.K. 
VoL. I. — Praotioal Gbohbtby, Plarb, Aim Solid. 

Pp. 1-31+149 With 101 Illustrations, and an Appendix 
of 43 pages with 70 Ulustrationa 48 6d. 

VoL. IL — Machine and Engine Drawing and Design. 

Pp 1X1+321 With over 200 Illustrations 48 6d 

" A Oi^iZAX Tixi*BpoKi arrAnged on an bxoillmt stbciiIi oalonlated to give an intelligent 
stasp of the suhJeot, and not the mere faculty of xneohanloal copying . . Mr. Wells shows 
now to mak e oonplits woBjcnfO-DRAwnrsBi oliOTuslng folly each step In the design.*— EZsctHo^ 


tONDON: CHARLES QRIFFIM & CO., LIMITED, EXETER STREET, STRAND. 
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BNQINBERim AND MBOHANJOS. 
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Second Edition, Enlarged In Grown Svo. Cloth. Pp. i<ziii+463. 
With 212 ninfitrationa. 6 e. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. 

Bt CHARLES E LARARD, 

A Itliut a B., ILLUeota X., WtuBxli , 

Head of the Meohanloal Englneerliiff Department at the Northampton Inetltate, London, E.0 

And H. a GOLDIITG, A.M.I.MecLE. 

" Exactly what It should be in order to mahe It useful to students and praotltloneis of 
enfflneerlng —Jtfanehester OitardUttn. 


Second Edition In Grown Svo. idandaome Oloth. Profusely 
lUoBtrated. 

MECHANICAL ENGINEERING 

FOR BFOIRRBRS. 

Bt R. S. M'LAREN. 

OONTEZinrs —Materials —Bolts and Nats, Studs, Set Sorews.— Boilers —Steam BAlslng 
AcoesBorles —Steam Pipes and Valves —The Steam Engine.— Power TranamiBSIon — 
Condensing Plant —The Steam Turbine.— Eleotriolty—Eydraullo Machinery — Oas and 
OH Si^es —Strength of Beams, and Useful Information —Index 

*^^0 best of Its we have seen, and shoold be in the hands of every apprentice " 

— iSteanwAtp 


Sixth Edition. Foho, atrongly half>bound, 21 s. 

rTRJLVSRSS TABTaRS: 

Computed to Four Places of Deolmala for every Minute of Angle 
up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 
Authonsed Surveyor for the Governments of New South Wales and Victoria. 
Published with the Concurrence oj the Surveyors-Genertil for New South 
Wales eitd Victoria, 

** Those who have experience m exact Snxviv-WORK will beat know how to appreciate 
the enormous amount of labour represented by thu Talnable book. Every Surveyor in 
active practice has felt the want of sucl- aiuistance fkw knowing of their (the Tables> 

FUBUCATION WILL REMAIN WITHOUT THEM "-^ngiurn’ 


Strongly Bound in Super Royal Svo. Cloth Boards. 78. 6d. net 


For CaleulatlDer Wages on the Bonus or Premium Systems, 
For Engineering, TeohnioaJ and Allied Trades 
By henry a. GOLDING, AMXMeoh.E, 

“ Cannot fail to prove praotloally aervloeable to those for whom they have been 
designed "^Seotaman, 

HORSS -PowmR conapu’TSRS. 

By H. a GOLDING, A.M.I.MBOH.E., AM.IA.B 
Fop steam. Gas, and Oil Engines. Complete with Explonatoix 

Pamphlet In Bor 68. net 

Fop Petrol Motors. Complete with Explanatory Pamphlet. Inv 
Envelope 6d. net 

Detailed Proapeotua on Applioaitcn, 


LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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CHARLES GRIFFIN ds 00.^8 PUBLICATIONS. 


Second Edition, Reuistd. In Crown Svo, extra, mth Diagrams 
amd Folding-Plate. 7b. 6d. net. 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

INTEaKATION ASSTD SIEFEKENTIATZOIT, 

With Applieations to Teohnieal Problems; 

AND 

OIiASSrFIBD BEPEBENOS LIST OF IBTEGBAXS. 

By prof. ROBERT H. SMITH, A.M Inst 0 E., M LMeoh.B., Ac. 

" Interestlzir dlAgraiuB, with pTaotloal llliutrotloDB of aotmil occorrence, are to be found hen 
in Abnnduioe The tibt oohpibo olasbieied bivbsbhoe xabih will prove very nsefol In 
nvlng the Ume of thoee who want on Integral In a hnrrr "—The Enffkuer 

in 4to, Boards. 7 b. 6d. 

MEASUREMENT CONVERSIONS 

(English and French) : 

43 aRAPHIC TABLES OB DUQRABES, ON 28 PLATES. 

Showing at a glance the MutuaIi Conyebsion of MBAsxTBEacBNTa 
m Diffbhbnt Units 

Of Lengths, Areas, Volumes, Weights, Stresaes, Bensltles, Quantities 
of Work, Horse Powers, Temperatures, Soo, 

For the use of Engineers, Suraeyors, Arohiteota, and Oontraotore. 

By prop ROBERT H SMilTH, A M.Inst O.E., MIMeoh.B, &o. 

Tmp.T> SDinON Pocket Size, Leather Limp, with Gilt Edgea and Bonnded Comers, 
printed on Special Thin Paper, with lUnetratlonB, pp 1-nl + 884 Prloe 18s net. 

THE MECHANICAL ENGINEER’S REFERENCE BOOK. 

By HENBT HARRISON SUPLEE, B Sc., M.E. 

** We feel sure it will he of great cemoe lo mechanical engineers "Sngtneenng, 


With Diagrams. Crown 8to. Cloth, 48 . 6d. 

THE STUDENT’S MECHANICS: 

An Introdnetlon to the Study of Force and Motion. 

By WALTER R BROWNE, M A., MInst.O.B. 

«• Clear in stjrle and practical m method, *Txa Studbnt's Mkhanics* u cordially to be 
f«cammended from all poiuti of view '*—Aihefueum 

By the Sajo Authob 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8to, Is. 

Second Edition Crown 8vo Illustrated. 7b. 6d. 

THE MECHANIC’S GUIDE. 

A Handbook for Engineers and Artosans. With Copious Tables and 
Valuable Recipes for Practical Use. 

By W YIIsrCENT SHELTON-BEY, 

Foreman to the Imperial Ottoman Gun Photorles, Constantinople 


lONDOM: CHARLES GRIFFIN A GO.. LIMITED, EXETER STREET. STRAND. 
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WOBKS BY 

ANDREW JAMIESON, M.Inst.CE., MJ.E.E, F.R.S.E., 

Formirly Pro/assor 0/ Electrical En^tneermQj The Glas and W of Scot Tech Coll 


FBOFESSOB JAMIESON’S ADVANCED TEXT-BOOKS. 

Jn Large Crown Svo. Fuity ItUutraitd, 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Stndents preparing 
for Examinationfl With 800 pp , over 400 lUusuations, 1 1 Plates, many 
B. of E., C and G., Qaestions and Answers, and all Inst. C.£. Exams. 
on Theory of Hectt Engines 0 SIXTEENTH Edition, Revised. los. 6d. 

“ Tbe Bbst Book yet published for the use of Students.^'—vS^MMr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Seventh Edition. In Five Volumes Including All the Inst. C.E. 
Exams m Section A, (i) Apphed Mechanics; (2) Strength and 
Elasticity of Materials ; (3a) Theory of Structures ; Section B (Group ii.). 
Hydraulics , Theory of Machines. Also B. of E. ; C. and G. Questions. 

VoL. I — Applied UeehanlOS. Large Cr 8vo. Pp. i-xviiiH-382. 63. 

„ IL— Strength of Materials. Large Cr.8vo. Pp.i-xviii+264, ss 
„ III -Theory of Structures. LaigeCr. 8vo. Pp. i-xviu+232. 5s. 

,, IV —Hydraulics. Large Cr. 8vo. Pp. i-xvi+ 274. 5s. 

„ V —Theory of Machines. Large Cr.Svo. Pp. i-xx -1-502 7s. 6d. 

*.* Ih Ftve volumes i each complete m tUelft and sold separately. 


PROFESSOR JAMIESON’S INTBODUCTOB7 MANUALS. 

Crown 6vo. With Ulustraiions and Examination Papers. 

STEAM AND OTHER HEAT ENGINES (Elementary 

Manual of)< For First- Vear Students, forming an Introduction to the 
Author’s larger Work. Twelfth Edition, Revised and Enlarged. 3/6. 
" Should be m the hands of bvbrv engmeenng 3.^(gittu\ice.''~~Praciical Engineer, 

MAGNETISM AND ELEGTDICITT (Praetieal Elementary 

Manual of). For First-Year Students. With btud Inst C. E. and B. of E. 
Exam. Questions. Eighth Edition, Revised and Enlarged. 3/6. 

“ A THOROUGHLY TRUSTWORTHY TeXt-boOk PRACTICAL and clcHT. — 

APPLIED MECHANICS (Elementary Manual of). 

For First-Year Students. With B. of E , C. and G. 5 and Stud. Inst C.K 
Questions Ninth Edition, Revised and Greatly Enlarged. 3/6. 

" the work has vsry high qualitibs, which may be condensed into the one word 
^ CLBAR ’ Science and Art 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof Jamieson. Pocket Size. Leather, 8s. 6d. Nineteenth 
Edition. [See p. 30. 


lONUON: CHARLES GRIFFIN & C0„ LIMITED, EXETER STREET, STRAND. 
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VOBKS BT W. I lAGQnOBN BABEINE, LL.D., F.R.S. 

Thopoushly Revised by W. J. MILLAR, C.B. 


A MANUAL OF APPLIED MECHANICS : Oompnsmg the 

FrinoipleB of Statioa and Oinematios, and Theory of StmotnreSf 
Meohuusm, and Maohines. With Numerona Diagrams. Orown Syo, 
Oloth. EiaHTBiiNTH Edition. 12b. 6d. 


A MANUAL OF CIVIL ENGINEERING: Oompnsmg Engm^ 

eering Snrveya, Earthwork, FonndationB, Masonry, Oarp^try, Metal 
Work, Boadfl, Bailways, Oanals, EUyera, Waterworks, UarbonrB, &;o. 
With Numeroofl Tables and lUustrationB. Crown Svo, Cloth 
Twbnty-Third Edition. IBs. 


A MANUAL OF MACHINERT AND MILLWORE: Oom- 

pnaing the Geometry, Motions, Work, Strength, Oonstmotion, and 
Objects of Maohines, &o. With nearly 300 DlaBtrations. Crown 
Bvo, Cloth. Sbyiinth Edition. 128. 6d. 


A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOYERS. With a Section on Gab, Oil, and Atr 
Engines, by Bbtan Donetn, M.InstC.E. With Folding Platea- 
and Nnmerons DlnstrationB. Crown Svo, Cloth. Seventeenth 
Edition. 12b. 6d. 


USEFUL RULES AND TABLES : For Architects, Builders^ 

Engineers, Fonuders, Mechanics, Shipbuilders, Surveyors, &o. With 
Appendix for the nse of Eleotbioal Engineebs. By Professor 
Jaiaibson, M.Inst O.E., M LE.E. Eighth Edition. i6s. Bd. 


A MECHANICAL TEXT -BOOK: A Practical and Simple- 

Introduction to the Study of Meohanios. By Professor Rankine 
and E. F. Baeebeb, O.E. With Knmerons fllustrations. Crown* 
Bvo, Cloth. Fiith Edition. 9b. 

*«* 7^ “AIbghahxoal Tbzt-Book'* teas iktigntd ProfeMor Bahkivb oi an Imtbo- 
DuonoN to the above Series of MomuoU 


MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 
ture, Elastioity, and Expansion of Vaponis, Liquids, and Sohds. 
Part IL Energy and its Transformations. Fart HI. Wave-Forms,. 
Propulsion of V’essels, &a With Memoir by Professor Tait, M,A. 
With fine Portrait on Steel, Plates, and Diagrams. Royed 8vo^ 
Cloth. 31a. 6d. 

** No more anduruiK Memonal ofFrofeisor Rankue could be devised than the publica 
lion of these papers in an accessible form. . The Collection is most valuable or 
accotint of the nature of hia discovenea, and the beauty and completeness of his analysis. ** 


iONDON: CHARLES QRIFFIN A 00.. UNITED, EXETER STREET. STRAND- 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large 8vo. Cloth, Pp. 1-3CV1+496 
With 145 lUustrations, mcluding 7 Plates. 24s. net. 

CENTRAL ELECTRICAL STATIONS: 

Thelp Design, Opganlsatlon, and Management, 

By CHAS H. WORDINGHAM, A.1: C , M.Inst.C E , M Inst Mech.E , 

Incite Memb of Council InstE £ , and Klectncal £ngineer to the Qty of Manchester 
Electrical Engineer-m-Chief Co the Admiralty 
**One of the most valuable C0NTRZB^TI0^r^ to Central Station literature we have had 
for some time ''SUcirictty 


In Medium Sro EuUy Illustrated- Cloth. 

ELECTRIC CRARE CORSTRUCTION. 

By CLAUDE V HILL, A M Inst G.E 

OONTHNTS.— Section I —Types of Cranes and General Stresses In their 
Structures — Ovorliead Crauea — Locomotive and Portable Jib Orauea — Deiriclc 
Cranes, — TransporteiB —Sheer Legs — Revolving Cantilever Cranes.— Cableways — 
PLecorder Diagrams of Oiaue Teats.— Caloulatlon of Power for different Motions.— 
Starting Torque and Acceleration Section II.— Design of Crane Structures — 
Stress Diagrams.— Wind Piessni-e — Eivetting —Design of Struts Braced Columns, Jibs, 
Towers, Cantilevers, Girders, Aa— Examples —Design of Maohlnery —Strength.— 
Deflection and Twist of Shafts —Bearlnm —Roller Bearings— Wheels —Hoisting 
Barrels — Live RoUei's — Coil, Disc, Baud and Block Brakea — Electio-Magnetic 
Brakes —Strength and Eflflcteucy of Toothed and Worm Geai'- Worm Gear for 
Intermittent woik.— Hooks — Eopes —Lifting Magnets.- Design of Electro-magnets 
and Solenoid Plunger Magnets —Motors, Eating, Speeds, Temperature Else on 
Intermittent Work.— Controuera —Calculation of Eealstancea —Parallel Beslstancea lor 
Slow Speeds —Collector Gear Section III.— Crane Installations —Tables.— Index. 


Large Svo Cloth. Pp. i-x + 333 and 307 lUustrationB. 16s net. 

ELECTRICITY METERS. 

Bt HENBY G SOLOMON, A.M Inst E.E. 

“An earnest and snooessfal attempt to deal comprehensively with modem methods of 
meaBuiing current or power In eleotriwl InstoUatlonB .” — SnffiiunHnff 


In Large Svo. Handsome Cloth EuUy Hlustrated. 

TRANSFORMERS. 

Bt HERMANN BOHLE, M I E E , 

Prof of Electroteolmica, S A. College, Cape To^vn, 

And Propbssoe DAVID ROBERTSON, B So , A LE E , or B^toi 
Contents — General Priuolples — MagnetlsiDg and No-^ad Omrenra Lombs in 
Tronsfoimera -Iron Losses -Copper Losses -TerapBratnra Blse 

Loakoge Inductance —Vector Diagrams for Transformers — SyeJ^atlcTMting of Trans- 
lonnM* -Imulallue Materials -Bnamplse of ConatiruaioB -D^gn of ^^oimera.- 
Applioetlons of Traneformere.— Hegnlating and Phase-Changing Transformers — DSDBX. 

In Large 8vo Pp i-x -1-116 With 76 Illustratione. 8a 6d.net 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, PhD 

“Well written and combines with a good deal of description a careful 

Investigation of the fundamental theoretical phenomena. ^Nature 


LONDON: CHABLEB GRIFFIN & CO., LIMITED, EXETER STREET, STRANft 
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OH ARLES QRIFFXN A 00,^8 FHBLIOATIOHS. 


In Large Grown 8vo. Clottu Pp. i-xvi+268 With 222 Ulustrations. 

5s net 

TELEGRAPHIC SYSTEMS, 

AND OTHBR NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Based, 
Br AKTHUR CROTCH, of the Engineer-m-Chief’s Department, G P 0. 

OONTHNTa —Batteries, Primary and Secondary — Unlveraal Battery Working.— 
Duplex Telenaphy — Duplex and Quadruple! Telegraphy — Automatic TelejOfraphy — 
Multiplex Twegraphy —The Hughes Type Printing Instrument.— The Baudot System.- 
The Murray Type Printing Telegraph —Teat and Battery Boxes — Olroult Concentration, 
(fco. — Eepeaters.— Submarine Telegraphy —Wireless Tel^aphy — Iitdex — Libe op 
DIAGBAHS of CONITBICITIONS 

“This book 1 b a particularly good one we oou thoroughly lecommend it 

a handy book of ready reference PfecCncoZ Revieio 
■(The treatlae will be of much help to the telegraph engineer, and to the student 
in hJLs preparatory training and It can be thoroughly recommended Electrician, 


NiNETfiENTH EDITION. Leather, Pocket Size, with 8io pages 8s 6d 

A POCKET-BOOK OF 

BLEOTRICAL BULBS & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS, 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., r.R.S.B. 

** WoKDERTTTLLT Pbktbct. . • Worthy of the highest commendetioii we can 
give It ” — EUdrictan , 


aBZETIN’S ELSOTBIOAL PKIOE-BOOZ : For Electrical, Civil, 
Manne, and Boroi^h Engmeers, Local Authorities, Architects, ^ilway 
Contractors, &c. E^ditedbyH J Dowsing. Second Edition. 8s 6d. 


ELECTRIC SMELTING AND REFINING. [See p 52 
ELECTRO-METALLURGY, A Treatise on. [See p 62 
ELECTRICAL PRACTICE IN COLLIERIES. [See p. 42 
ELECTRICAL SIGNALLING IN MINES. [See p 43 


In Large Crown 8vo Handsome Cloth ISs net 

ELECTRICAL THEORY 

AND THE 

PROBLEM OP THE UNIVERSE. 

Br Q W DB TiraZBLMAMN, B So , London, 

Member of the Institute of Electrical Engineers , formerly Professor of Natural 

Philosophy and Aswonomy, H.M S “ Britannia,''^ Dartmouth 
Contents — Fundamental Electrical Phenomena. — Units and Meoanrement — 
Meaning and Possibility of a Mechanical Theory of Electricity —The Ether —The Ether 
as a Framework of B^ference for Motion —The Relations between Ether and Moving 
ilatter — Bleotrio Conduotion in Gases —The Faraday-Maxwell Theory —The Electron 
Theory —Magnetism and the Dissipation of Energy —Contract Electrification and 
Electrolysis —Metallic Conduction —Optical Phenomena, —The Mechanism of Radiation 
—General Phenomena of Radio Activity — Transmutations of Radio-Active Substances 
— ^ges of the Sun and Barth— The Solar Corona, The Aurora, and Comets’ Tails- 
Radio-Activity in Stars and Nebulae. — Arrangement and Number of Atoms lu a Mole- 
Aspect of Fundamental Mechanical Principals —Gravitation 
and Cohesion — ^The Place of Mind in the Universe — Mathematical and other Annen- 
dlces —Index. 
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In Large 8vo Handsome Oloth. Profusely Ulustrated. In Two 
Volumes, Each Complete m itself, and Sold Separately. 

AKD 

CONSTRUCTION OF SHIPS. 

Bt JOHIT HABVABD BILES, M.lNST.ir.A, 

ProfeBBor of Naval AxoMteotore in G-laagow UnlverBlty 

Volume I.— CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 245 other Illustrationa. Pp i-vun-423 Complete 
m Itself, with Index. 25 b net 

OONTBNTS —Pam? L— Areas, Voluinea, and Oenferes of Gravity Part U.— Shin 
CalGulatlona Part ni —Strength of Ships. 

"No teacher of naval arohltectme nor scientifically- equipped student of the same 
subject can afford to bo without it A work with up to-date Information which 

will doubtleaa remain the standard for many years ffmes* JSfiginurwig Supplemmt. 

Volume II., deaUn^with Stability, Waves, Oscillations, Resistance and 
Propulsion, Design and Cons^otion, is m active preparation, and 
will be ready very shortly. 


BY PR0FBS90R B1LB8. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 131 lUuatrationa, Price 68, net. 

See page 19. 


Rof/al 8uo Hofidsome Cloth With numeroua illuatrathns and Tablet 2Ba 

THE STABILITY OF SHIPS. 

By Sir EDWARD J REED, K.C.B., F.RS,, M.P, 

KKIOHT or THE IMPERIAL OEOEBS OF ST STAHILAOS OF RUSSIA, FRANCIS JOSRFB Of 
AUSTRIA, MBDJIDIK OF TURKEY, AND RISINQ SUK OF JAPAN, VICK- 
PRESIDBNT OP THE JNSTITUnON OF NAVAL ARCHTTBCTS 

" Suf Edward Reed's ' Stability of Ships * is invaluable. The Naval Archttbct 
will find brought together and ready to his hand, a mass of information which he would other* 
wise have to seek in an almost endless variety of publicatians, and some of whl^ he would 
possibly not bo able to obtam at all elsewhere. 


AERONAUTICAL ENGINEERING. 

Second Edition, Revised. In Large 8vo Oloth With many 
Illustrations. 10s. 6d. net. 

THE PROBLEM OF FLIGHT. 

A TEXT-BOOK OF AERIAL ENGINEERING. 

By HERBERT OHATLEY, B So (Eng ), Loiudon, 
ProfeBBor of Oivll Engineering. Tong Shan Engineering OoUege, K Ohino. 
OoNTKirrs.— The Problem of Flight — The Helix. — The ASroplane — The Avinlane — 
Dirigible Balloons —Form and Fittings of the Airship — Appbmdigbb (The foteibilitjf of 
Weighty A FlexilAe Wxng^ Iheory of Balance^ Bibliography) 

" An epitome of the knowledge available on the aubjeot "^Sootaman. 
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CHARLES ORIFFIH A OO.'S PUBLICATIONS. 


WOBKS BY THOMAS WALTON, 

NAVAL AROHITEOT 


Eoubth Edition Pp i-xvi + 332 With 18 Plates and 237 other 
UlustrationB, including 59 Folding Diagrams 18s net. 

STEEL. SHIPS! 

THBIB OONSTBUCTION AND MAINTBNANOB. 

A Manual for ShipbuilderSf Ship Superintendenta, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF “know YOUR OWN SHIP ” 

OoNTBNTS — I. Manufacture of Oaat Iron- Wrought Iron, and Steel. — Oom- 
poation of Iron and Steel, Quality, Strength, Test^ &o II Claasihoation of 
Steel Ships. DX Oonsiderationa inmalnx^ choice of T^e of VesseL — ^Framing 
of Ships rV Strains experienced by Ships —Methods of OomputiM ana 
Comparing Strengths of Ships. V Construction of Ships — Alternative Modes 
of Construction. — Types oi Vessels — Turret, Self Trimming, and Trunk 
BteamerSj&o — ^Bavets and Bdvetting, Workmanship VI Pumpmg Arrange- 
ments. ViX Maintenance — Prevention of Deterioration m the Hulls of 
Blups — Cement, Paml &o. —Index 

So thorongti and well written la every chapter In the book that It 1b dlfflonlt to select 
any of them os being worthy of exception^ praise Altogether, the work Is excellent, and 
will prove of great value to those for whom It is intended.^'— 77is Engineer 


In C loth, Pp. 1.-X11 + 224 With 9 Plates and 163 other lUustrationa, 
moludmg 40 Folding Diagrams 7a 6d net. 

PRESENT-DAY SHIPBUILDING. 


For Shipyard StudentSj Shipa^ Ofpoers, and Engineers. 
By THOS WALTON. 


Cbneral Contents. — Classification. — Materials used m Shipbuilding — 
Alternative Modes of Construction — Details of Construction — Framing, 
Platmg, Bivettmg, Stem Frames, Twm-Sorew Arrangements, Water 
Ballast ArrangementB, Loading and Discharging Gear, &o — Types of 
Vessels, mclnamg Atl^tio Lmers, Cargo Steamers, Oil oarrymg Steamers, 
Turret and other Self Tnmmmg Steamers, &o — Index 


“ Simple language oleor and easily followed Ulustratlons." — Timet 

Sngvneermg Supplement 

“We heartily recommend It to all who have to do with ships ''Steatnship 


Eleventh Edition. In Crown 8vo Cloth Pp i-xvi + 363 With 
142 Illustrations, including 2 Folding Diagrams. 7a. 6d 

The Chapters on Tonnage and Freebosird have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Abchitbot. 

SpeoiaUy arranged to suit the requirements of Ships' Offioers, Shipowners, 
Superintendents, Draughtsmen, Ehgineers, and Others, 

OONTHNTS — Displacement and Deadweight — Moments — Buoyancy — Strain — 
atruotuie —Stability — Rolling —Ballasting —Loading —Shifting Cargoes— Meet of 
Admission of Water Into Ship —Trim Tonnage — Fieeboard (Load-lme).— Calculations — 
Set of Oalonlatlons from Actual Drawings —index. 

“ The work Is of the hlffbesb value, and all who go down to the sea in ships should make them- 
BOlvoB aoq.naloteil with Id. — SWppfng World (on the new edition) 


LONDON CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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GRIFFIN'S NAUTICAL SERIES. 


Introductory ToVwmc. Pp. i-xix-\-2Ji.S. Price Ss, 6d. 

T BC IE 

British Mercantile Marine. 

Bt edwaud blaokmobe, 

IfASTER UAIUNBRi ASSOCCATB OF THE INSTITUnON OF KAFAL ABCKITBCTSt 
MHMFHR OP THE INSTITUTION OF BNGINBHRS AND SHIPBUILDERS 
IN SCOTLAND ( EDITOR OF GRIFFIN'S "NAUmCAl. SERIES.'’ 

Gbnbral Oontb rtb.— Hibtobiqal : From Early Times to 1486— ErwreM 
ander Henry V III. —To Dea^ of Mary— Eiirmflf Elizabeth’s Eeign — TJp to 
the Beign of William m. — The 18th and 19th Oentunes— Institution of 
Examinations — Rise and Promss of Steam Propulsion — Development of 
Pree Trade— Shippmg Legislanom 1862 to 1876 — “ Locksley Hall^ Oase — 
Shipmasters’ Sooienes— Loadi^ of Ships — Shipping X^egislation, 1884 to 1894 — 
Statistios of Shipping, The Pbbsohioil * Shipowners— Officers— Idannerg — 
Duties and Present Positiom Edttoai^ioh : A Seaman’s Education: what It 
should be — Present Means of Education — Hints DiSOTPLnno ahd Dxtty — 
Postscript — The Senous Decrease m the Humber of British Seamen, a Matter 
demanding the Attention of the Nation. 

•^LjrrBBBSTme and Ifst ii dot ivk . . may be read with frobit and BNJomaiifT **- 
Bkugow Eerald. 

Evbby branoh of the snbjeot la deoJt with In a way which showa that the writer 
* knows the ropes' familiarly 

“Thia inumABLB book •va-aMa with useful Information— Should be In the 

hands of every SaQor TTutsm Uoming Ifeut 


Fifth Edition, Thoroughly Revised Pp With 

Frontispiece^ Plates (S Colowred)^ and 63 lUtistraMons 
in the Text and nm Chapter on Clouds Price Be. 

A 'BOLJSMTJJBJLt OS' 

ELEMENTARY SEAMANSHIP. 

BT 

D, WILSON-BARKBR, Mab thb M ahutbh; F R. S.B., F.R.G.S., &i0., Ao. 

T0UV<ZBB BBOXHBB OB IHX IRINITT HOmiL 

Gbnebal Oomtbntb.— The Budding of a Ship; Parts of KulL Masts, 
Ac. — Ropes, Elnots. SEdioing, Ac. — Gear, Lend and Log, Ac, — Rigging, 
Anchors — Saihnnknig— The Sails, Ac. — Handling of Boats nnder Sail — 
Signals and SignaJhng^Rule of the Road — Keeping and Relieving Watch — 
Pomts of Btiqnette-^lossary of Sea Terms and PhraMs— Index. 

The volume oontains the rniw bulbs or thb boad 

» This ADKiEAviB xAHnAi., bv Oapt WmBON-BABKER of the ' WoroeBter,’ seems to ns 
FBBraoxLT DESKurm), and holds its plaoe ezoellenily In * Gbiffxn's Nautxoal Sebibs.' • > 
Although intended for those who are to become Offloers of the Merohant Navy, it wlU be 
found nsefnl by all taohtskbn AfAmestim. 


LONDON : CHARLES GRIFFIN & GO.. LIMITED, EXETER STREET, STRAND. 
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CHARLES GRIFFIH A 00.* 8 PUBLICATIONS. 


GRIFFIN'S NAUTICAL SERIES. 


Second Edition, Revised. 

Illu 8 trai%on 8 


Pp, lrXfi% + l 56 
Pnce Ss. 6 d. 


With 61 


IsTAViaATIOISr: 

PR&CTIC&X 4 AISTD TEnBOREOCXCAXi. 

By DAYID WILSON-BARKER, R.KR,, ERSE., &o., &o., 

AIH) 

WILLIAM ALLINGHAM, 

mfinD-OLASS EOHOTTRfl, NiLYIOAXIOK, SdBNaB AND AEI DBf ABOOCSirC. 

TKUftb llumeroud JUustrationd anb Bsamination (Slueationd* 

Gbnhral OoiTTSNTS.--DefimtioiiB— Latitude and Longitude — InstrumeutB 
of Navigation — Oorreotion of Oouxses'-Plane Sailing — Tiaverae Sailing — Day’f 
Weak — Faralld Sailing — Middle Latitude Sailing — Meroator’a Chart— 
Mercator Sailing — Ourrent Sailiii^Fosition by Beaniu^Great Oirde Sailing 
T-The Tidea— Queationfl— AppendSi: OompasB Error— Numeroufl Uaefnl Hinta 
&0.— Index. 

“ Fbboibblt the kind of work required for the New Certtfleatea of oompetenoy In gradei 
from Second Mate to extra Master Oandldatea will find It tnvauiablb DtmdM 

It A. OAPlTAL UTTLB BOOK Bpeolally adapted to the New ExomlnatlonB llie 

Autbora are Oirr 'Wn.aox-BAaxxR (Captain-Superintendent of the Nautloal College, 

' Worcester,' who has bad great experlenoe In the highest problems of Navigation}, and 
Mb. Alunohau, a well-known writer on the Science of Navigation and Nautloal Astronomy.*' 
— World. 


Haridsome Cloth. Pp WUh 10 Platen and 34- othtr 

ILlustratio^is, Price 7s 6d, 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVT. 

By william ALLINGHAM, 

Joint Author of " Navigation, Theoretical and PraotioaL" 

With nnmeroiLB PlaiieB, Maps, DiagramB, and UlnatrationB, and a faoaimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY or CONTENTS. 

iHSraODUOTOBT — Inatmments TTsed at Sea for Meteorological Porposes — Meteoro* 
Ic^oal Iiog-Books — Atmoq>h6rlo Pressure —Air Temperatures —Sea Temperatures — 
Windi. — ^Wlnd Poroe Scales —History of the Law of Storms —Hurricanes, Seasons, and 
Storm Tracks — Solution of the Oydone Problem.— Ocean Onrrents — Icebergs — Syn 
ohronons Charts — Dew, Mists, Pogs, and Hase — Clouds — Eain, Snow, and Half — 
Mirage, Ealnbows, Coronas, Halos, and Meteors. — Lightning, Corposants, and Anroras.- 
Qin»i!ioMB.—APF]mDiz.— I ndex. 

e the BIST publloatlon. and certainly the most iinciRBSTiiro, on this subject ever 
to Nautical meu —3hippin/0 


lOHDON: CHARLES GRIFFIN & CO.. LIMIFED. EXETER STREET. STRAND 
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GBIFriN*S XAUTICAI. SERIES,. 


Thibi) Ebuiob, Rbvisiiii. Pp. i.ni+176. Witli 64 UlustrationB. 
Price 80 6d. 

PRACTICAL MECHANICS 5 

Applied to the Eequirements of the Sailor. 


By THOS* MA QKENZIE, Master Mcbriner^ F . 

Gknslral Contents — Besolution and Oompoeitioii of !Foroea--J^ork 

S r Maohmea and Livmg Agents— The Mediajiioal Powers : 

errioks aa Bent Levers — The Wheel and Axle : Windlass ; Ship s Capst^ , 
Crab Winch — Tackles: the “Old Man” — The Inclined Pl^e ; the oOTew 
The Centre of Gravity of a Ship and Cargo — Relative Str^n^h of • 

Steel Wire, Manilla, Hen^, Coir — Derricks and Shears-' Oalotuatyn of tPS 
CrosB-breakinK Strsun of Pir Spar— Centre of Effort of Sails — Hydrostatlos ; 
the Diving-bell ; Stability of Pleating Bodies , the Ship's Pump, 

“ Well wobth the money . . . will be fonnd BXOHEDrNGHji 

Bhippirii! WorlcL 

“No Ships’ Ofitoebb’ bookoasb will henoeforth be complete without 
Captain Mackenzie’s ‘Peaotioal MscHAincis.’ Notwithstandlngf my m^y 
years’ experience at sea, it has told me how much more there ts to aegwre, — 
(Letter to the Pnblishers from a Master Manner). 


WORKS BY RICHARD C. BUCK, 

of the Thomea Nantloal Training OoUege, H M S ^ WoreoHter. 

Thibjd Edition, Revised and Corrected. Pp. i-viii + 113. 

With 38 riluBtrations Price Cs bd. 

A MANUAL OF TRIGONOMETRY : 

IV/t/j DiagramSj Examples, and Exercises. 

*** Mr, Buck’s Text- Book has been specially ppleparkd with a view 
to the Exammations of the Board of Trade, in which Trigonometry 
IB an obhgatory subject 

“Thla ucnmrrLT PRAonoAL and bblubls yolhub' — ScJioolmasttfr 


Second Edition, Revised Pp i-vm-f- 168. Price Ss. 6d. 

A MANUAL OF ALGEBRA. 

Designed to meet the Requirements of Sailors and others. 

These elementary works on algbbba. and TSiooNOiTBTRr are written apeolally for 
tboae who will have little opportonltv of oonanltlng a Teacher They are books for suLt* 
bxlf" All bnt the simplest explanations have, therefore, been avoldot), and ahbweiui to 
the fixerdses are given. Amy person may readily, by oarefnl study, booome master of their 
oontants, and thus lay the foundation for a further mathemacloal coarse, If desired It is 
hoped that to the yonnger Offloers of onr Mercantile Marine th^ will be foand deoldedl; 
■ervloeahle The Examples and Exerolaes are taken from the Examination Papers set for 
the Oadets of the ‘'WoroeBter ' 

“Olearly arranged, and well got up. A tlraft-rate Elenaentary Aiftebra 

jrautieal Magaaint, 


LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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OHARLSS GRIFFiy A OO.’S PUBLICATIONS. 


QBIFKN’S NAUTICAL SERIES. 

Sjcoond Edition, Bevued. Witli Diagrams Pnoe 2 b. 

UirrUDE AHD LONGnUDE; How to M tliein. 

Bt W. J. MILLAE, O.E., 

LaU SwreUiry io Qu IruU of Enginewi and Shipbuilders in Scotland 

*' OoNOiSliLT and OLSABLY WEiTi’BN . . . cannot Imt prove an aoqniflition 
to those studying Navigation.” — Marine Sngvneer 
*' Toting Seamen will find it HAiin^Y and TTBEirxTL, simple and olbab.' 
Bngtneer. 


Second Edition, Revised In Crown 8vo Pp. i-xvii + 230 Price 4b. 6d. 

THE LEGE DlimS OF SHIPMiSTEaS. 

Bt BEEEDIOT WM. GINSBUEGt, 'SI A , LL.D. (Oantab.), 

Of the Inner Temple and Northern Clroult , Barrister at-Law 

General Contents .'-Qnallflcatloa for Position of Shipmaster —Cot tract with Ship- 
owner — Duty In respect of the Grew Engagement , Apprentices , Dlsotollne , Pro- 
visions, Accommodation, and Medical Oomforta , Payment of Wages and Discharge — 
Passengers — Plnanolal jBesponslbllitlra — Cargo — Casualty — Duty to certain Public 
Authorities —Pilots, Signals, Plags, and Light Dues —Arrival at the Port of Discharge 
— ^Appendloes on Le^ Matters B 0 T OertLfloates, Dietary Scales, Stowage of Grain 
Cargoes, Load Line Aegnla ions, Life-saving Appliances, Carriage of Cattle —Index. 

“ No IntelllRent Master tiionld fall to add this to bis list of necessary books, A few lines 
of It may save a lawtsbs fbk, bssides Bjn>i.Esa wobbt ’'—Liverpool Journal of Oominerxe, 


FtRST AID AT SEA. 

Thceid Edition, Bevued. Pp i-xviii+349 With 82 Uluatrations and 
the atest Regulations on the Carriage of Medioal Stores. 6 b 

A IHEDIGAL AND SDR 6 IGAL HELP 

Fop Shipmasteps and Offlceps in the Merchant Navy. 
By WM. JOHNSON SMITH, FR.O.S., 

Frlnolpal Medical Offloer, Seamen's Hospital, Greenwich. 

The attention of all Interested In oar Merchant Navy Is requested to this exceedingly 
oseftil and valu able work. It is needless to say that it la tiie ontoome of many yearn 
pRAonoAL BXPMiBNOB amongst Seamen 
“ JunimoiTB, BBALLT HELPEUL."— TAe Lancet 


Eleventh Edition, Revised and Enlarged Price Ts. 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTOH, Naval Abohitbct 
Specially arranged to suit the requirements of Ships’ Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others 
For Contents and further particulars of this work, and other works 
r by the same author, see p .32 


LONDON CHARLES GRIFFIN (fc CO., LIMITED. EXETER STREET. STRAW* 
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OTHER WORKS OF INTEREST TO SAILORS. 


In Pocket Size. With 368 Pages. 3s 6d. net. 

ENGLISH-SPANISH AND SPANISH-ENGLISH 
SEA TERMS AND PHRASES. 

By Fleet-Paymaster G-RAHAM-HEWLETT 

" Most complete nseftil . . ive oan heartily recommeiid It. 


In Crown Svo Handsome Cloth. Many Diagrams. 2 b. 6d. net 

DEFINITIONS IN NAVIGATION & NAUTICAL 
ASTRONOMY. 

By P GROTES-SHO well, 

Head of the Navlgatioa Department. Ii.O 0 Sobool, Poplar 
Contents — DefLnltlonB —General — Navigation. — Nauticsal Astronomy — 
Time —Miscellaneous. — Notes MeasnrementB — Manner’s Compass — 
Chronometer — Azimuth Compass — Pelonis — Sextant.- Vernier —Arti- 
hcial Honzon — Sounding Machine. — Log — Station Pointer — Barometer — 
Thermometer — Hyp^rometer. —Hydrometer. Mlsoellaneous —Star Nomen- 
clature.— Greek Alphabet —Planetary Symbols. — Weights and Measures.— 
Areas — ^Volumes —Useful Notes.— Index. 

“Mr GroveB-Showell writea with a full knowledge of hla aubject, and with admirable 
oleamesfl.’ — SAfpiiiWder 


Attention is also drawn to the following' — 

HYDROGRAPHIC SURVEYING. By Commander S. 
Mhssum, R N. po.ge 16. 

THEODOLITE SURVEYING. By Professor James Park. 

[See page. 41. 

THE FORCE OF THE WIND. By Herbert Ohatley, B So 

[5ee page 23 

THE EARTH’S ATMOSPHERE. By Dr. T. L. Phipson 

[/S'ce page 46. 

WIRELESS TELEGRAPHY. By Gustave Eichhorn, PhD. 

[5fce page 29. 


(LONDON ; CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, 8TRAMB. 
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■wosics srs: 

SIR CLEMENT LE NEVE FOSTER, D.Sc., F.R.S. 

Sixth Edition. With Frontispiece and 712 Illustrations. Pnoe 28 b . net, 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc,, F.R S , 

LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIBNCK. 

Revised, and brought up-to-date 

By Prof. S H COX, Assoc R S M , 

PROFESSOR OP MINING. ROYAL COLLEGE OF SCIENCE. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of OeeuFpenee of Minerals.— PPospeetlnir.—BoFlnflr. 
— Breaking Ground. —Supporting Exeavatlons.— Exploitation.— Hamajere or 
Transport.— Hoisting or Winding. — Drainage. — Ventilation. —Lighting.— 
Descent and Ascent.— Dressing— Principles orjEmployment of Mlnmg^Dour. 
—Legislation affecting Hines and Quarries. — Condition of the Miner.— 
Aceldents.— Index 

‘*We have seldom had the pleasure to review a work so thorough and comple te as 
the present one Soth In manner and In matter it is PAH supbriob Xo ahitHING on 
ns SPHOIAL SUDJBOT HITHERTO PUBLISHED IN ENGLAND "^AthmCBUm 

“ Not only Is thla work the acknowledged text-book on metal mining In Great Britain 
and the Colonies, but that it is so regarded in the United States of America Is evidenced 
by the faot that It is the book on that sTibiect PAnommanfi^ --.t - 

the mining sohools of that country 


Second Edition, Revised 
With nearly 300 I 

THE ELEMENTS 01 

An /ntroduotory Tba 

By Sir C LE NE\ A v/oxjijxv, X./ ou , r.XLfO., 

Late Professor of Mining at the Royal College of Scleuoe 
Revised by Prof. S H Cox, A R S M , &c. 

Q-dnhbal Contents — Intboduotion — Ooourrenoe of MinerolB — Bro- 
Bpeotuw — Bonng — Breaking Ground — Supporting Excavations — Exploita- 
tion — Haulage or Transport — Hoisting or Wmding —Drainage — Ventilation 
— Lighting — Descent and Ascent — Dressing, &o — ^Indbx 

“ A remarkably clear survey of the whole field of mining operations ^'—STMineter 
“Rarely does it fall to the lot of a i*evlewer to have to aoooi’d such unquaMed praise m 
this book deserves The profession geuernlly have every reason to be grate^ to 

Sir 0 Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book ." — Mming JouttuU 


In Large Crown 8vo. Fully Illustrated. 6s net 

THE INVESTIGATION OF MINE AIR: 

An Aooount by Several Authors of the Nature, Slgmfioanoe, and Praotioai 
Methods of Measurement of the Impurities met with in the 
Air of Collienee and Metalliferous Mines, 

EOITED BY 

Sir clement LE NEVE FOSTER, D Sc., F R S , 

And J. S HALDANE, M D , F R S. 

We know of nothing essennnl that has been omitted The book is hbenlly supplied 
with illustrations of apparatus " — CelUtry Guardian 


LONDON : CHARLES GRIFFIN & GO.. LIMITED, EXETER STREET, STRAND 
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aSARLBS GRIFFIN (70/5 PUBLIOATJONS. 


WORKS ON COAL-IVIINING. 

FrPTH Edition, Revised and Greatly Enlarged With 4 Plates and 
690 lUnstrationa. Price 24 b net, 

A TEXT-BOOK OF COAL-MINING: 

FOR THB U8E OF COLLIERY KANAQER8 AND 0THER8 
ENQAQED IN C0AL-MININ8. 

By HERBERT WILLIAM HUGHES, FG.S., 

Absoo. Royal aohool of liDiieB, General Manager of Sandwell Park Oolllery 
Genebaii Contents — Geology — Search for Goal — Breaking Ground — 
Sinking — Prehnxinary Operations — Methods of Working — Haulage — 
Winding —Pumping — ^Ventilation — Lighting —Works at Surface —Pre- 
paration of Coal for Market —Index 

“ Qnibe thb bbbs book of Ite kind aa pbaoticax in aim as a book can be The 

lUuBtratlonB are bzoblibbt ”-^Athmceum. 

“We cordially recommend the work,"— OolWeri/ Guardian. 

“ Will soon come to be regarded as the standard wore of Its klud " - Birminahani Daily Gazette 


Fourth Edition, i’horoujghly Revised and Greatly Enlarged. Re-set 
throughout Large Crown 8vo Handsome Cloth 12s, 6d. 

PRACTICAL COAL-MINING: 

A MANUAL FOR MANAGERSr UNDER-MANAGERS. 
OOLLLBRT ENGINEERS, AND OTHERS 

W%th Workedrovl Probl&ma on Haulage^ Pvmp%ngt Vent\lat\onj Ac. 

By GEORGE L. KERR, M.E., MInstM.E 

Contents — The Sources and Nature of Coal — The Search for Coal — 
Sinking. — E^losives — Mechanical Wedges — Rock Drills and Coal-cutting 
Machines — Ooal-cutti^ by Machinery —transmission of Power. — Modes of 
Working— Timbers —Roadways —Winding Coal — Haulage Pumping — 
Ventilation —Safety Lamps —Surface Arrangements, Surveying, Levelhng, 
Ac. 

“An BBaBNTiALLY PBAOiioAL WORK, aud Can be confidently Teconimended. No department 
of Ooal-Mlnlng baa been OTerlooked.”— Enplneere' Gazettt. 


Second Edition, Revised. In Crown 8vo Handsome Cloth 
With 200 mustrations 3 b 6d 

ELEMENTARY COAL-MINING: 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS 

By GEORGE L KERR, ME, M.Inst M.E, 

Contents — Sonrees and Nature of Coal — Exploration and Boring for 
Coal — Breaki^ Ground —Explosives, Blasting, &o.— Sinking and Fitting 
of Shafts — Modes of Working — Timbering Roadways —Winding and 
Drawing —Haulage.— Pumping and Drainage.— Ventilation.— Cleaning and 
Sorting CoaL — Surveying, &c. 

“An abundance of Information conveyed In a popular and attractive form. . Will be 
of great nse to all who are m any way Interested In coal mining NcotCiaft OrUie 


LONDOH: CHARLES GRIFI^IN & GO.. LIMITED. EXETER STREET. STRAJilf 
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Fourtsbnth £ditioi<, Revised. With. Numerous Diagrams 
Cloth, ys. 6<i. 

A TREATISE ON MINE-SURVEYING: 

For the ubo of Managers of Mines and Oolhertes^ Students 
at the Royal Sohoot of Mines, do. 

By BENNETT H BKOUGH. AssocRSM,, FGS 
Revised by L H. COOKE, 

Instnictor of Mine-Suxveymg, Royal School of Mmes 

Contents — General Explanations — Measurement of Distances — Mmers 
Dial — Variation of the Magnetic Needle — Surveying with the Magnetic Needle 
in the Presence of Iron — Surveying with the Fixed Needle,— The German Diah — 
The Theodohte — Traversing Underground. — Surface Surveys with the Theodo- 
hte — Plotting the Survey — Calculation of Areas —Levelling — Connection of the 
Underground and Surface Surveys — Measunng Distances by Tdescope — Settin^- 
out — Mine-Surveying Problenis — Mine Plans — Application of the Magnetic 
Needle in Mining,- Photographic Surve}^ —Appendices —Index, 

“Its CLHARNHSS of STYLS, LUCIDITY of DESCRIPTION, and FULNESS Of DETAIL hare lone ago VOn 
(or It a place unique In the literature of this branch of mining engineering, and die present eoltlan ftilly 
maintain the high standard of Its predecessors. To the student, and to the mining et^neer alike, ITS 
VALUE Is Inestimable. The illustrations are oxcellont "—Th* Mimnv yournal 


In Crown 8vo. Handsome Cloth. Fully Illustrated 6a net. 

A HAN-DBOOK OW 

THEODOLITE SDRVEYIHfi AND LETELLIHG. 

For the use of Students in Land and Mine Surueying. 

By Professor JAMES PARK, F.G S. 

Contents. — The Scope and Object of Surveying — Land Snrveymg — 
The Theodolite —Chains and Steel Bands — Obstaoles to Allignment — 
Mendian and Bearings — The Theodolite Traverse — Co-ordinates of a 
Station — Calculation of Omitted or Conneoting Line m a Traverse — 
Calculation of Areas — Subdivision of Land — Triangulation -Determina- 
tion of True Meridian, Latitude and Time. — Levellmg — Railway Curves. 
— Mine Surveying — Surveying Boreholes — Index. 

“A book which should prove as useful to the professional surveyor as to the 
student '’-^Nature 


Second Edition, Revised Crown 8vo. Handsome Cloth. Ulustrated. 6s. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MININQ- STUDENTS AND MINERS 
By prof JAMES PARK, FGS, M Inst M M , 

Professor of Mlniug and Director of the Otago University School of Mines , late Director 
Thames Sohom of Mines, and Geological Sutvctoi aud Mining Geologist to the 
Government or New Zealand 

GknbraIj Oonthhts —Introduction - Claaalflcatlon of Mineral Deposits —Ore Veins, 
their Filling, Age, and Structure —The Dyuamlcs uf Lodes and Beds —Ore Deposits 
Geuetloally Oonsidered— Ores aud Minerals Oonsldared Economically — Mine Sampling 
and Ore Valuatlou —The Examination and Valuation of Mlnea— IiniBX 

" A work which should find a place in the library of every mining euglneer 
Minvng Worl d 

UNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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QMARLM GRIFFIN Jb 00,'S PUBLICATIONS. 


m 


WOBKS FOIL miSTEHS AND STUDENTS. 


Third Edition. In Orovm 8vo, Handsome Cloth With 30 New 
Illustralxons. Ts, Qd. net, 

ELECTRICAL PRACTICE IN COLLIERIES. 

By Prof D BURIsrS, M.E., M.Inbt.M.E., 

Professor of Mining and Qeology to the Glasgow and West of Scotland Technical College. 
UmtB of Measurement, Conduotora. &c — Th.e Theory of the Dynamo. — The 
Dynamo, Details of Construction and Working, — Motors — Lighting InstaUa- 
tiona in OoUienea. — Pumpmg by Eleotnoity, — JReotrical Haul^e, — Coal 
Cutting. — MisoeUaneous Appnoationa of Eleotnoity in Mmes — CosJ Mines 
Regulation Act (Eleotnoity). — ^I ndbx 

'^A clear and oonolse introduction to electrical practice in ooUIerieB 

JournaZ, 

' In Crown 8vo, Handsome Cloth 8s 6d net. 

MINING LAW OF THE BRITISH EMPIRE. 

Bt OBLABLEa J. ALEOED, E G 8.. M.Inst M.M. 

Contents — The Principles of Mining Law — The Mining Law of Great 
Britain. — British India — Ceylon —Burma — The Malay Penmaula —British 
North. Borneo — Egypt — Cyprus. — The Dominion of Canada —British 
Ouiana.— The Gold Coast Colony and AshantL— Capo of Good Hope — 
Natal — Orange River Colony — Transvaal Colony — Rhodesia. — The 
Commonwealth of Austraha. — New Zealand, &c — Index. 

'* Ounnot fall to be useful we cordially recommend the book.*’~^in£ng World. 


Fifth Impression In Large 8wo. Prxce 10s 6rf. 

MINE ACCOUNTS AND MINING BOOK-KEEPING. 

For Students, Managrers, Secretaries, and others. 

With Examples taken from Actual Praotloe of Leading Companies, 

Bv JAMBS GUNSON LAWN, A RS M., A.M Iiiflt.C.E., F.G.S., 
Head of tiie Mining Department, Oambome School of Mines 
Edited by Sir 0, LE NEVE FOSTER, D Sa, F.RS. 

uit Boema iicPoasiBi.B to Buggest how Mr Lxwiff'B hook could be ma4e more oomplbitb or 
more ViLLUABM, coraftil, and exhauatlva jlccounfarU*’ Mftgnsint. 


Third Edition In Pocket Size, Strongly Bound m Leather, 3s. 8d, 
Provided with Detachable Blank Pages for MS 

THE MINING ENGINEERS’ REPORT BOOK 

AND DIRECTORS’ AND SHAREHOLDERS’ GUIDE TO MINING REPORTS. 

Bt EDWIN R ITBLD, M Inst M M. 

With Notes on the Valuation of Property ^ and Tabulating Reports, 
Useful Tables, and Examples of Gahulaiions, &c, 

"An ADMiBABliY oompUed book whloh Mining Engineers and Managera will find 
-axTREMBLY TJSBPTJL *' — Mxnvng JouarruU 


In Crown 8vo Handsome Cloth. Illustrated. lOs 6d. net, 

A DICTIONARY OP 

SPMISH-EN&LISH AMD SPAMISH-AMEMCAN MINlfi, 

METALLURGICAL, AND ALLIED TERMS. 

To which some Portuguese and Portuguese-Amerioan {Brazilian) Terms are added. 

By EDWARD HALSE, A R.S M , 

Mem. iDBt. Mice audMetall . of the Eng Inst of Ming andMetall Bngra., Ac., dco. 

*' WII] be foupd of the greatest Bervlce to the mining profeaBlon."— Jfinfng JoumaZ. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED, EXETER STREET, STRANtt 
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JOZIES ON Bl 

In Medium 8vo, Handsor 
and 19 Pol 

SHAFT-SI1IKIH6 

Bt J 

Trajtslated by j. 

OoNTBNTS — Shaft Smkiug 
Freezing Method. — The Sinki 
“The translator deserves the t 
valuable work before them 
should Include lu his library Jfi? 


Second Edition, Revised 

and Pol 

BLASTING : A 

By OSOAR GTJTTM 

Contents, — Hiatorioal Sk 
Handling of Esiplosives. — The 
of Blasts. — Chamber Mmes.- 
Char^e — Blastmg in Borehch 
Blasting Operations — Iia)EX. 

“ Should prove a vade~mecwn to 

— /ro» and Coal Trades Revtetu 


In Medium 8vo, Cloth, With mwj 
Four Pull Page Plates and Pour ho 

liTBW METHOl 

TESTING EXPI 

By 0, E. BIOHi 

Translated akd Edited by ALEX LARSEN, M Inst.O.E. 

Contents — Introductory — HistoncaL — Testmg Stations. — Power 
Gauges — Products of Combustion. — Rate of Detonation. — Length and 
Duration of Plome. — Afber-Flame Ratio. — Transmission of Explosion. — 
Conclusions — Efficiency. 

“Its pages bristle with Buggeatlons and actual experimental results to an extent 
seldom found in a volume of five times its size " — Arms a/nd JBceploaivea 

In Crown 8vo. Handsome Cloth. Pully Illustrated. 

A MANUAL ON 

ELECTRICAL SIGNALLING IN MINES. 

By QEKALD J HOOGHWINKJSL, M.Inst.B.B , M.I.Mm.B 

Contents — Sbotion I — Blectrlo Haule^e Signals— (ft) Acoustic Signals —(6) Optical 
S^als — (o) Acoustic Optical Signals.— urirrent Supply —Batteries.— Accumulators — 
Minn Supply —Design and Construction of Signalling Installations —Maintenance of 
Slmalling InstoUationa Sbotion II —Blectrlo Shaft Signals— (a) Acoustic Signals — <&) 
Blectro-Meohanloal Signals —(0 Optical Acoustic Signals —Signals for Winding Mlnerfus 
—For Winding Men,— Signalling from the Cage —Emergency Signals.— Bells.— Mine 
Telegraphs.— Mine Telephones Sbotion III —Special Applications in Mines. 

CONDON: CHARLES GRIFFIN & GO.. LIMITED. EXETER STREET. STRANS ~ 
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OSAMLm GRIFFIN d, OO.'S PUBLIOATIONB, 


Second Edition, llevxsed ThroughouL Jn Medium 8vo. With 
Numerous Platte^ Maps, and lUustrationa 21s 7iet 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process; its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs. 

By H EORBES JTJLIAN, 

Mining and Uetallur^oal Englnear , SpeolallBt in Gold , Late Teohnical Advlaer of tlie 
DentBolie Gold und SUber Sobeide Anatalt, Jrankfort-on-Malne. 

And EDGAR SMART, A.M I 0 E., 

Ol-vH and Metallurgloal Engineer 

A haudflome volame of dOO^^es wliloh will be a valuable book of reference lor all 
UBBOolated. with the process ’*^M\nvng Journal 
“The authors are to be congratulated upon the production of what should prove to be 
a standard work."— Po^i'a's Magaam 


In Large Oroutn 8uo. With 13 Plates and many Illustrations in the Text. 
Handsome Oloth.. Is. 6d. net^ 

THE CYANIDE PROCESS OF HOLD EXTRACTION. 

A Text’Book for the Use of Metallurgists and Students at 
Schools of MineSy do. 

By JAMES PARK, P G S., M.Inst.M.M., 

Erofessor of 'Mining and Director of the Otago University School of Milnes , late Director 
Thames S<mool of Mines, and Geolomoal Surveyor and Mining Geologist 
to the Government of New Zealand 

FoTmta English Edition Thoroughly Beviaed and Greatly Enlarged. 
With additional detada ooncemmg the Siemena-Halake and other 
recent prooeases 

“Deserves to be ranked as amongst the bbbt q j ByiflTTHQ tbbajibbb "—Mining Journal 


Thted Edition, Reviaed. With Plates and lUustraUons Cloth, 8s. 6ei. 

GETTING GOLD; 

A aOLD-mNINO HANDBOOK FOR PRAOTICAli MEN. 

By J. 0 E J0B3TS0R, E G.S., A.I M E., 

Life Member Australasian Mine-Managers’ AsBOclatloa 
Gbnebal OoN! 138NTB.— Introductory * ProsjMotmg (Alluvial and Generfd) — 
Lode or Reef Prospectmg^— Qenesiology of Gold—Aunf eroua Lodea — Dnfta — 
Gtold Extraction — lixiviataon — Oalomation — Motor Power and ita Tranamiaaion 
—Company Formation — Mining Appliances and Methods — Australasian 
M^niTig Kegnlationa 

“PbaotkiaIi from be|dnnlng to end deals thoroughly with the Prospecting, 

Sinking, Omshing, and Extraction of gold "—Brit Austrcdasum, 


In Crown 8vo. Illustrated. Fancy Oloth Boards, is. Qd. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for Interding Explorers, Prospectors, 
and Settlers. 

By THEO KASSKER, 

Mine Manager, Author of the Geological Sketch Map of the De Xaap Gold Melds. 

With a Chapter on the Agrioultural Prospeots of South Afrioa. 

“As fasolnatlDg as anvthlng ever penned by Jules Yeme "—AJHean Oommeree. 


liINDON CHARLES GRIFFIN & GO., LIMITED, EXETER STREET, STRAND 
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GBIFFIN^S *^NEW LAND^* SEBIES, 

Practical Hand-PooJcs for the Use of Prospectors^ ExplorerSy 
Settlers, Colonists, and all Interested in the opening 
wp amd Development of New Lands. 

Edetiid by GRENVILLE A J. OOLB, M.R.LA., E.G.S., 
Profeuor of Geology In the Eoyal OoUege of Solenoe for Ireland, and Examiner In 
the University of London 


In Chown 8vo Handsome Cloth. 56. 

With Nwnetoua Maps Specially Drawn and Executed for this Work.. 

NEW LANDS: 

THBIB RBSOIJRCES AND PBOSPBOTIVB 
ADVANTAGhBS. 

By HUGH EGBERT MILL, D.So., LL.D., F.R.S.B., 

“A want admirably eappUed. Has the advantage of being written by a pro- 

eased Geographer *'~~QMgra^hicdl Joumtd 


With znazLy Engravings and Photographs. Handsome Oloth, 4s. 6d. 

E-OOD SUPPLY. 

By EGBERT BETTOR, 

Affrionlttinl Saperlntendent to the Boyal Bnblln Soolety 

With Appendix on Preserved Poods by 0. A. MitohulTi, B.A» F.LO. 

" The work Is one whloh will appeal to those intending to become fanners at hotna 
or In the Golonlea, and who desire to obtain a general Idea of the true prlnolplei 
fanning In all ITS bbabohbs "—Journal pf iht Royal Ooknxal Inst 


Firon Edition’. With Hhutraiiona, Handsome Oloth, 6s, 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
Interested in the Opening up and Deueloomeni of New Lands 

By S. HERBERT COX, Assoc R.S M., M.Inst M M., F.G.S., 

Professor of Mining at the Boyal School of Mines 

Gbnbeal Contents. — Introdnotion and Bimts on G^eology — The Determina- 
tion of MmeraJs Use of the Blow-p^e, &a — ^Rook^fonumg iMlnercdB and Non- 
Metalho IMinerals of Commercial vuae : Rook S^t, Borax, Marbles, Litho' 
G^phio Stone, Qnartz and OdelL &o., &o — Preoious St^ea and Gems — Stratified 
DepositB Coal and Ores— Mmerw Veins and Lodes— Irregnlar Deposits— 
Dynamios of Lodes Faults, &o. — Alluvial Deposits — Noble Metals * Gkild, 
Platmum, Silver, Ac. — L^u — ^Meroury— Copper — Tm— Zmo— Iron — Niokel, 
& 0 ,— Sulfur, Antimony, Arsenic, &o. — OoniDustible Mmerals — Petroleum— 
General Hints on Prospeotmg^-Glossary— Index. 

“ This ADMIEABLB LITTLE WORK . Written With SOIBNTIHO AOOUBAOY In a 

OLBAji and LHOED style An IMPORTANT ADDmON to technical literature . . 

— MinxTig Joamd 


lONDONr CHAW.E8 GRIPHN & CO., LIMITED, EXETER STREET, STRAND 
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0HARLM3 GRIFFIN <6 OO.’S PUBLIQATIONB. 


Demy 8vo, Eandsome eloth, 34S‘ 

StratigrapMcal Geology & Palifioiitology, 

OJf TEE BJ.8I8 OF PEILLIP8. 

By ROBERT ETHERIDGE, F.R.S., 

tat THB NATURAL HIST DHPARTHHlTr, BRITISH PA^m^XST TO THB 

OF THE MA-^lA^g^ SURVEY OF GREAT BR ITAIW . PAST PRESIDENT OF THB 


GBOLOGICAI. SOCIETY. BTC. 


Tnutb Aap, VlumetouB Cables, 

'* If Prof Seeley's YoLuiRe was remarkable for its 
Mr. Et heridgb fully justifies the assertion made in 
struction detail niw any known ma n ua l . * 

or REFERENCE. 


anb Cbii;ts«0iz platea. 

originality and the breadth of its Yiews, 
his preface that his book differs in con- 
, Must take high rank among works 


In Crown Svo. Polly Illustrated. Cloth. 

GBOIsOGY IFOIt EU'GINBBItS. 

By major SORSBIB, RE. 

OONiBNTa.— Dynamical and Structural Geology — Bocks Mluer^ — HMorlo^ 

-Geology —Geological Observation-— Practical Geology — Ooast BroBlon-— I ndex. 


Sixth Edition, Thoroughly Revised. With lUustrations. Cloth. los. 6d. 

IN 

PRACTICAL GEOLOCYs 

WITH A SBCTJOH ON PALEONTOLOGY. 

Br PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 


aaJNBBAL OONTBNT&— 

Part I -SampUne ot Barth’s Crust. I Part IU.-ExainlnatJon of Rocks. 
pS5t n ^3^Saatloii of Minerals. 1 Part IV.-Examlnatlon of Fossils. 

•••nit the work depares it. titlo, that it u.fulj of ‘Aids,’ rad in the higheit degree 
- feactical.’ will be the verdict of all who u.e tt’—Naiitn 


opmWwAiR srrtTDrES iwr oBoiiOOW* 

An Introduction to Ceolovy Out-of-doors. 

By professor GRENVILLE COLE, M.R.I.A, F.G.S 

For details, see Gnflan's “ Open Air” Senes, p 71 


In Crown %vo. Handsome Cloih, 2J. 6d, 

EBSBAECHES on the PAST and PRBSBNT HISTORY of 

the earth^s atmosphere. 

Including the latest Discoveries and their Praotloal ^pp//oatzous. 

By dr. THOMAS LAMB PHIPSON. 

Part I. The Earth’s Atmosphere m Remote Geological Penods. 

Part II. — The Atmosphere of our present penod. Appendices ; Index. 

“The book should prove of interest to general readers, as well as to meteorologists and 
other students of saence.'*— 


lONDON: CHARLES QRIFFIN fc 00., LIMITED. EXETER STREET. 8TRAMI1 
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(inffin’s 


STANDARD WORKS OF REFERENCE 

FOR 

UetalluFgists, Hlne-Owners. Assayers, HanufaotnreFS, 
and all Interested In the development of 
the Metallurgleal Industries. 

RDITBX) BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.RS. 

Ih Largt 8ev, Handsotm CUik. With lUmirahom. 


INTBODITCTION to the STUDY of MBTALDUBaT. 

By the Editor. Sixth Edition. (Seep. 48.) 

GOLD (The Metallurgy of). By Thos. ELirke Rose, 
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 48,) 

LEAD (The Metallurgy of). By H. F. Collins, Assoc, 
R.S M., M.Inst.M.M. Second Edition, (See p. 49.) 

•I3II1VEB (The Metallurgy of). By H. F. Collins, A.R,S M., 
M InstM.M. Second Edition. (See p. 49.) 

IRON (The Metallurgy of). By T. Turner, A,R.S.M., 
F.I.C., F.C.S. Third Edition, Revised. 16 fl. net. (See p. 50.) 

STEEL (The Metallurgy of). By F. W. BLajubord, 
Assoc. R.S.M., F.LC., with a Section on Mechanical Treatment by 
J. W. Hall, A.M Inst.C.E. Fourth Edition. (See p. 50.) 

ALLOYS By Edward F. Law, Assoc. R.S.M. With Frontis- 
piece m Colours, and Fine Series of Micro-photographs. I26. 6d, net. 
(See p. 49) 

ANTIMONY. By C. Y. Wang, M.A., B.Sc Fully Illustrated. 
I2S. 6d net (See p. 50) 


Will hg Publhfud at Short IniwvaU. 

METALLUBGICAL MAOHINEBY : the Apphcation of 
Engmeering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc., Assoc. R.S.M. 

<JOPPBR (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

*** Other Volumes m Preparation. 


lONDON; CHARLES GRIFFIN d CO.. LIMITED, EXETER STREET. STRAND, 
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0BABLE8 QRIEFm <6 OO.'S PUBLI0ATI0N8. 


aBIVITN'S ULETAIiIiUBGIOAXi SEBIES. 


Sixth Edition, thoroaghly Revised and considerably Enlarged. Large 
8ro, with numerous UlustmUons and Micro-Fbotographic 
Plates of different vanetiea of Steel. 18s. net 

An Introduetlon to the Study of 

3^E3T-A.XjXjXri?,0--S’. 

BY 

Sir W, ROBERTS-AUSTEN, K.C B., D.C.L., F.R S., A.R.S.M., 

Late Qiemut and Assayer of the Royal Mmt , and Fiofessor of Metallurgy 
m the Royal College Saence 

Revised throughout by F W. HARBORD, A.R.S.M, F,LC. 

Genxx^ Coktbkts. — ^T he Relation of Metallurgy to Chenus^ ^Fhy^cal Froperttea 
of Metals. — AUo^ The Thermal Treatment of Metah — Fuel and l^ermal Measurements 
■^Materials and Products of Metallu^cal Processes — Furnaces. — Means of Supplying Air 
to Furnaces. — Thermo- Chemistry — ^Typical Metallurgical Processes —The Micro-Structure 
of Metals and Alloys —Economic ConsiaeTatioiis 

No English text-book at all approaches this m the completeness with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume wOl be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced ." — Chetmcal News. 


Fifth Edition, Revised, Oonsiderably Enlarged, and m part Re-wntten. 
With Frontispieoe and numerous mustratioDB. 21 b. 

THE METALLURGY OF GOLD. 


BY 

T. KIRKE ROSE, D.ScXond., Assoo.R.S.M., 

Chemist cund Assa/yer cf the Boyal MmL 

Gbetbbax Oonthetb.— T he Properties of Glold and its Alloys — Chemistry of the 
Oompoimds of Gold —Mode of Ooonrrenoe and Distribution of Gold.— Shallow Placer 
Deposits.— Deep Placer Deposits —Quartz Crushing In the Stamp Battery —Amalgam- 
ation in the Stamp Battery — Other Forms of Cmshing and Amalgamating Machinery 
— Concentration In Gold Mills — D17 Crashing — ^Be-grlndlng —Boasting — Chlorination: 
The Plattner Prooese, The Barrel Process, The vat-Solution Process— The Cyanide 
Process —Chemistry of the Oyanlde Process —Refining and Parting of Gold Bullion 
— Assay of Gold Ores.— Assay of Gold Bullion — Statismca of Gold Production — Blbllo- 
-raphy —Index. 

** A ooMPBB H B KSivs FOAOTiOAL iBEATisB on thls Important subject ."— Times 

‘‘The Koai oomflktb description of the oHLOBiNAxioif FSodESa which has yet been pub- 
*■ Uidied."— Jfininp /oumn2 

u Adapted for all who are interested In the Gold Mining Industry, being free from teoh- 
nloalltlM as far as possible, but Is more partioolarly of value to those engaged in the 
Industry "—Gape Times 


LONDON: CHARLES QRIFFIN & GO., LIMITED, EXETER STREET, STRAND, 
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GRIFFIN’S MBTAIiIiURGIOAIi SEBIliS. 

Bditbd by sir W. ROBERTS- AUSTEN, K.0 B , r.R.S., D.O.L. 
In Lwrgt 8vo. Hcmdsome Cloth, Wifh UluBtratwris 


Second Edition, Revised Throughoat and ^Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, AssoaR S.M., M.Inst.M.M. 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Seo^ons on Smelting and Uesilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. 

“A THOBOUGHLT SOUND and uaeful digest. May \?ith evbht oonpidbnob be 
recommended Journal 


Second Edition, Revised Throughout and Enlarged. Uluatrated. 

THE METALLURGY OF SILVER. 

By H. F. COLLINS, Assoc R.S.M., M.InstM.M. 

Comprising Details regarding the Souroes and Treatment of Silver 
Ores, together with DesoriptionB of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &o 

“ The author has focussed A labgh amount op valuablw inpormation Into a 
eonvenlent form The author has evidently considerable practioal experience, 

and describes the varlona processes clearly and well "— Journal 


Frontispieoe in Colours, and Beantiful Senes of Photo-miorographs. 

12s 6d. net 

^ L Zj O S 

AND THEIR INDUSTRIAL APPLICATIONS. 

By EDWARD F. LAW, A R.S M. 

CONOJHNTa — Introduction —Properties of Alloys —Methods of Investigation — 
Constitution —Influence of Temperature on Properties — Corrosion of Alloys — Copper 
Alloys, Brass, Bronzes —Special Brasses and Bronzes —German Silver and Miscellaneous 
Copper Alloys— White Metal Alloys -Antl-Prlction Alloys —Aluminium Alloys,— 
Silver and Gold Alloys —Iron Alloys —Miscellaneous Alloys (Amalgams, <fec.) —Index 

“Oonclse and practical a valuable amount of Information that will be 

appreciated by student and manufacturer alike "— J’oitfwiry Trades^ Joui'Tuxi, 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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OMARLM QRlFFm CO.’S PUBLI0ATI0N8. 


SO 


Q-BIX' 1 'IIfl'’S M^BTAUiUBG-ICAIi SBEIES. 


I'oTJBTH Sdition, Thoroughly Beyised With Numeroufl Uluatratioxui.. 
Large 8vo. HandBome Cloth* 

With Additional Chapter on The Eleotnc Smelting of Steel. 

THE METALLURGY OF STEEL. 

By r. W. HABBOBD, Assoo.R.S.M, F.LC. 

With 37 Plates, 280 IlluBtratioxis m the Text, and nearly 100 Mioro- 
Seotione of Steel, and a Section on 
TSJB MBOHAJSriOAL TRBATMSFT OF STBEL 

By J. W. hall, A.M,Inbt.0.E 

ABaiDQBD OoKTjBRTa— The Plant, Maohinery, Methods and Ohemist^ of the BesBeiner 
and of tne O^n Hearth ProrasBeB (Add and ^io) —The Meohanloal Treatmenc of Steel 
oomprislng mill Fraotloa, Plant and Maohinery —The li^nenoe of Metalloids, Heat 
Treatment, Special Steels, Mloroetruotiire, TeBdng, and ^edfioationB, 

The JVntKneer says, at the oonolnslon of areriewof this book —"We cannot oonolnde without 
earnest^ recommending all who may he interested as makers or tuaiB of steev which pra^oally 
means the whole of the engineering profeeBlon, to make tbemaelTea acquainted with it as speedily 
M poMfble, and this may be the more easily done aa the pubUshed price, considering tne slie- 
of she book, is extremely moderate ” 


Third Edition, Reviaed and Enlarged. With many new Plates. 

16 b. net. 

THE METALLURGY OF IRON. 

By THOMAS TIHINER, Assoo.R.SM., FJ.O., 

Frofmw of Metalhurgy tn t?ie Universtiy of Birmmgham, 

G*Mral Oontmit — Euly fflstory of Iron.— Modem History of Iron.— The Age of Steel, 
— Ohief Iron Ores.— PrroaratLon of Iron Ores,— The Blent Furnace —The Air used in the 
Blut Fumaoe — Beaotifons of the Blast Fnmaoe. — >The (staaeous Froduots of the Blast 
Fnmaoe — The Fuel need in the Blast Furnace.— Slags and Foxes of Iron Smelting — 
PropertleB of Oast Iron. — Foundry Praotioe — Wrought Iron. — Indirect Prodnotion of 
Wrought Iron —The Puddling Process —Further Treatment of Wrought Iron.— Goiroslon 
of Iron and Steel 

‘'A TaoBOUGHLT naKTUL BOOR, which brings the snbjeot up to date. Of 
OBXAT VAL.T7E to thosa engaged m the iron indnst^ ” — J<mrnal 


*** Por Professor Turner's Itectures on Iron- Founding ^ see page 53 


In Large dyo. Handsome Cloth. Folly Illustrated 12a. 6d. net 

AN^TIMONY: 

Its History, Ohemlatry, Mlnersdogy, Geology, Metallurgy, XTsea and 
Preparation, Analysis, Prodnotion Euid Valuation 
By C Y. WAHG, M,A., B So., 

Hem Am. Inst. Mining Eng ; Mem. Iron and Steel Institute , Mining Engineer to 
the Ohung J^juQeneral Mining Company, Geologist for the 
Hunan Province, China, (fee , &o. 

"A book whidh stands alone, Inasmuch as there Is not, to onr knowledge, any other 
complete treatise on antimony among all the EngUsh text-hooka” — iron and Goal 
Trades’ Beviffio 
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Eleventh Edition. With Tables and Illustrations Cloth, los. 6d. 

A TEXT-BOOK OF ASSAYING: 

For tho use of Students, Mine Managers, Assayers, do, 

By J. J. BERINGER, F.I.C., F.C.S., 

Public Anolyit for, and Lecturer to the Mining Ano^bon of, Comvall. 

And C. BERINGER, FC.S., 

Late Chief Assayer to the Kio Tinto Copper Company, London, 

GBNratAL Contents. — Part I — Introductory, Manipulation Sampling ( 
Drying , Calculation of Results — Laboratory-books and Reports Methods . Dry Ghnin* 
metnc. Wet Gravunetnc— Volumetric Asuys Titrometi^ Colomnetnc, Gasometno-— 
Wei^ung and Measuring— Reagents— Fonnulse, Equations, ftc —Specific Gravity 

Part II —Metals Detection and Assay of Silver, Gold, Platinum, Mercury, Copper^ 
Lead, Thallnim, Bismu^ Antunony, Iron, Nickel, Cobut, ^c, raHTnwnn^ Tin, Tungsten, 
Titanium, Manganese, Cwnuum, &c.— Eturths, Alkalies. 

Part III -Non-Metals Oxygen and Oxides, The Halogens— Sulphur and Sul- 
phates— Arsenic, Phosphorus, Nitrogen— SUicon, Carbon, Boron— Useful Tables. 

A RXALLY meritorious WORK, that may be safely depended upon either for systematic 
instruction or for reference "— iVa/Mrd 

In Crown 8vo Handsome Cloth FuUy Illustrated. 3s. net 

AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By prof THOMAS TURNER, A.RS.M., F.IO 

“It Is an excellent and handy hook foritspiuTOBe, and will have a far wider range 
of uaefuluesB than for class work alone '^—Praotioal Engxiietr 

Fourth Edition, Revwed With j\ttmt>rou8 lUiuitrcUtona 6a. 

A TEXT-BOOK OE 

ELEMENTARY METALLURGY. 

Inolndug the Author’s Praotioal Labosatoby Coubsb. 

By a. HUMBOLDT SEXTON, FIG, F O.S. 

*' Jnsli the kind of work for Students aoAiAiENOino the stndy of liotallurgy, or for SManrBBRiifO 
Students "—Praatical Bnginter 


Large 8vo. Cloth. With Hlustrations 12b. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYING ; 

A THREE YEARS' COURSE FOR STUDENTS OF SCHOOLS OF MINES. 

By W a. MACLEOD, B A , B So , And CHAS WALKER, F.O.S. 

“The pnblloatlon of this volume tends to prove that the teaching of metallurgloal 
analysis and assaying In Anstralla rests In competent hands "—.Mature 


Third Edition, With Folding Plates and Many Illustrations 36s. 

ELEMENTS OF METALLURGY. 

A Praotloal Tnatlae on the Art of Extracting Metals from their Ores 
By j. ARTHUR PHILLIPS, MInbt.CE.. F.Q.S., &a , And 
H. BAUERMAN, V P G S 
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In 00^ 8 VO Handflome cloth. With 102 lUuetrationa Os net 

A HANDBOOK ON 

ha; H 'T A JLi I C AlLiI^OYS: 

' Their Straeture and Constitution. 

Bt aiLBERT H. GULLIVBB^ BSa, PE.SB. 

"A valoahle addition to existing literature on alloys “—Foivndiy Trades^ JovmaZ 


In Grown 8vo Beautifully Illustrated with nearly 100 
Miorophotographs oi Steel, &o. 7 b. 6d. net. 

Mlcroseopio Analysis of Metals. 

By FLOBIS OSMOND & J. E. STEAD, F RS . F LG 

“There has bean no work prevtoasly published in English osloulated to be so useful to 
the student In metallograpblc research "—Iron and Traded JtmmaZ 


In Large 8yo. Handsome Oloth. Price 4a. 

QOANTITATIYE METALLURGICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MOBGAN, F.O.S., MS 0.1. 

“ The Author may be oonobatulatbd on the way his work has been carried out"— 
Tht Rnginotr 


T wth t> EnmoK, Reyued, EnUtiged, and Be-wntteik 12b 6d. net 

A TRE3ATISE ON 

ELECTRO -METALLURGY: 

Erabraomg the Application of Electrolysis to the Plating, Depositing, 
Smel^g, and Refining of various Metals, and to the Repro- 
duction of Prmtmg Surfhoes and Art-Work, &;o, 

Br W G. M“MILLAN, F I C , and W R. COOPER M A., B So. 

“ Excellent, one of the best aud host oohplbte manuals hitherto published 

on Eleotro-Hetallurgy ^'^JEUctnedl Heview (on the Second Edition) 


-Segonp Edition, Thoroughly Revised and Enlarged In large 8vo. 
With Numerous lUuatrations and Three Foldmg- Plates 21s nei, 

ELEOTEIO SEBLTIir& & KEFIEIM: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods 
Being the “ Elsktro-Mbtalluboib ’’ of Db. W. BOROHERS. 

Translated from the Latest German Edition by WALTER G. MCMILLAN, 

FI 0, FOB 

OOXFBHHBNBrVT and AUTHQBlOlAXrVB UOt Only PULL Of VALUABLB ZRTOE- 

KIXIOR, but gives evidence of a iHOROtraH INBIOET Into the technical valtib and 
POggXBXLrcxxB of aU the methods dlsouBsed " — Tho SUetriaxan 
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In Medium 8vo, Hamdaome Qloth, Fully lUustaraud, IBs, net, 

GENERAL FOUNDRY PRACTICE: 

A Praotloai Handbook for Iron, Steel and Braes Founders^ 
Metallurglate, and Students of Metallurgy. 

By a M^’WILLIAM, A R S.M , and PERCY LONGMUIR. 

“ The student of foundry work needs no other text-book The hook 

•oontalns a tremendous amount of Information, and is well written **—Sngine«ring Tvmsa 


Sboond Edition Extra Orovm Svo. With many Illuetrationa. 

3 a %d, net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.So , A R S.M., F I.C., 

Professor of Metallurgy In the University of Birmingham 

CONTBNTfl —Varieties of lion and Steel —Application of Oast Iron —History — Pro- 
duotlon —Iron Ores — Composition — The Blast Furnace — Mateilals — JBioaotlons — 
Grading Pig Iron — Carbon, Silloon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenlo, Copper, and Titanium —The Foundry —General Arrangement — Ee-meltlug 
Cast Iron —The Cupola.— Fuel Used —Changes due to Re-mmtlng —Moulds and 
Moulding —Foundry Ladles —Pouring and Pouring Temperature —Common Trouhles — 
Influence of Shape and Size on Stren^h of Castings —Tests 

“Iroiifounders will And much Information in the book."— Iron Trade Ovroular 
Rylarida) 

In Crown 8vo Handsome Cloth, is 6d. net. 

BLAST FURNACE PRACTICE. 

By J. jambs MORGAN, B O.S , MSO.I, 

Author of “Quantitative Metal liu'gioal Tables," <&o. 

Contents.— Eeciulreraents.— Iron Ores —Fuel —Flux — Slags.— Quantity of Slag — 
Bm-den, Charge, Bound —The Blast— Ore Mixing —Amount and OompOTltlou of the 
Iron — Calonlatlon of Flux —Heating the Bla^, Stoves- Drying, Changing, and 
Cleaning — Drying the Furnace —Filling the Furnace, and Lighting —Charging the 
Furnace -Descent of the Ohaige.— Flushnig —Tapping —Hard Tapping Hola— Running 
down the Beds (Casting) —.Tudging the Temperaiiuie —Conti oiling thaTempoiature. — 
Temperatuie and the Eeductiou of Silicon —The Pig Iron —Fuel Consumption.— 
Economy In Fuel Con smnptloii —Tuyeres Leaky, Changing —Cooler or “Jumbo" — 
Obstractions —Pillaring —Breakouts —Hot Spots — Soaifofds (Hanging) -Slips — Damp 
Ing Down —Blowing Out— Index 

"Excellent It is eBsentlally suitable for the practical mau, and to the 

beginner partlculaily it should prove valuable "—hon amd Coal Trades Becoid 


Second Edition, Revised, In Larue Orown 8vo. With Numerous 
lUustrationa, 7s. 6d, net. 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gold and the 
Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc Tech School, Birmin gham 

Assisted by J. H. STANSBIE, B So (Lond), F.I 0., 

Lecturer at the Birmingham Municipal Technical School 
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Bboond Edition, Reumd^ Enlarged^ and Re-net Throv^ghout on Larger Pajge,. 

With Valuable Bbhogra(phy, New Maps^ llluntratiovis, t&c 46 ^ net. 

IXr wo VOXLiUMEIB. 

A TREATISE ON 

i=E]a?E/OXjEiTr3vt. 

Bt sib botbbton kedwood. 

DSc. F B S K, AssoalNsrO £ FIO 

OONTBNis. — SsoTION I Hlfltorloal Aacoimt of the Petroleum Industry •— Sxotion H . 
Geolc^cal and GeompUoal Distribution of Petroleum and JN'atural Gas — SxoiiON HI > 
The Gnemlcal and Ph^ioal Properties of Petroleum and Natural Gas ^bohon IV. r 
The Origin of Petroleum and ^tural Gas — Sbotion V The Production of Petro leum ^ 
Natural Gas, and Ozokerite — Sbooson VX The Eaflnlng of Petroleum —Section VIL 
The Shale Oil and Allied Industries —Sbotion VIIL Ome Transport, Storage, and Dls- 
trlbutlon of Petroleum — Sbotion IX The Testing of Crude Petroleum, Petroleum and 
B^e Oil Products, Ozokerite, and Asphalt —Section X The Uses of Petroleum and 
its Produots — SBOnoN XI Statutory, Municipal, and other Begulatlons relating to- 
the Testing, Storage, Transport, and use of Petroleum and Its Produots — ^Appendices 
— Bibliogbaphy — Indbx 

"It Is IndlBpatably the moab oomprehenBlve and complete treatise on petroleum, and this- 
statement Is true, no matter on frhat branch of the iDduscry a teat of Its merits le made It is 
the only b<»k In existence which j^vea the oil man a clear and reliable ontllne of the j^rowth and 
presenMay condition of the entim petroleum world There la a wonderfuliy complete- 

collection of plates and illuetratlons —Petroleum World 


Sboond Edition, Reviaed, IVith Elusirations. Price 8^. Qd. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engaged In the Storage, Transport, Distribution, and I]^ustrla)> 
Use of Petroleum and Its Prod^ucts, ana of Calcium Cwblde. With 
suggestions on the Construction and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

H M. Chief Inapaotor of BxploalveB, 

And sir BOVERTON RET)W00D, 

Author of "A Treatise on Patrol euin ^ ^ 

"A volume that will enrloh the world’s petiroleain literature, and render a service to the- 
British branch of the Indubtry Eellable, IndlspenBable, a brUUant oontrlbutlon 

Petjrolniin. _ 


In Crown 8vo EuUy Illustrated. 2a 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

Bt J A HIOKS, 

Chemist to Sir Boverton Bed wood 

Should be on the shelves of every analytical chemist In practice.”— CAflJifooZ Trade Journal. 


In Large Crown 8vo, Cloth Fully Hlustrated 
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ITS SUPPLY, OOMPOSITIOII, AND APPLICATION. 

Bt SIDNEY H NORTH, 

LAtA editor of the "PBTROLBtnu: REVIEW 
Contents — The Sources of Supply — Soonomlo Aspeot of Liquid FueL — Chemloal 
Composition of Fuel Oils — Oonditfous of Combustion lii Oil Fuel Furuaoes —Early 
Methods and Bbcpeilments.— Modem Burners and Methods —Oil Fuel foi Marine Pm* 
poses —For Naval PurixweB —On Locomotives —For Metallurgloal and other Purposes 
—Appendices —Index 

"Everyone interested in this Important question will welcome Mr North’s excellent- 
text-hook."- Afafure 


THB PBTROL.EUM LAMP: Its Cholee and Use. A Guide 
to the Safe Employment of the Paraffiu Lamp By Capt J H. 
Thomson and Sir Bovrrton Redwood Illustrated 1 s. net. 

“A work which will meet every purpose for which It hea been written Petroieum. 
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In Two Vola., Large 8vo. With ] 

CHEMISTRY FO 
AND MANUF 

BY 

BERTRAM BLOUNT, E I 0 , 

VOLUME L— Chemistry of Englneerlnff, 
Contents - Introdtjotion — OhemlBtnr ol 
Souroes of Euer^ — Obemlstry of Steair 
Lubricants — MetaUurgloal ProcesBefi use 
Metals Sboonb Edition 

VOLUME n.— The Chemistry of Manufao 
Sulphuric Aoid Manufacture — Alkali, <S 
Manure —Petroleum —Lime and Cement 
Brewing and BletUUng —Oils, Besins, and 
and Bleaohlnff -Colouring Matteis, Byeln 
Pigments and Paints —Leather, Glue, an 
Manufactures Fourth Edition, Thoroui 


Second Edition In Large 8vo. I 
and 154 Illustrate 

OILS, FATS, BUTTE 

THEIR PREPARATION AND PROPERTIt 

FROM OF CANDLES, SOAPS, ANi 

By C. R. alder WRIGi 

IdUe Lecturer on Chemistry, Sl MaiVs Hospita 
m ScAp " to the City and Guilds of 

Thoroughly Revised, Enlarged, anc 

By C. AINSWORTH MITCHELi., Jts.A, i-.i.v.., a .v. o- 

”Will be found absolutely indispensable * — T As Analyst 

“Wni rank as the Standard English authority on Oils and Fats for many 
fears to come ** — Industries n.tid Iron 


In 7\vo Volumes,, Half Morocco^ each complete in itself 

PHYSICO-CHEMICAL TABLES 


For the Use of Analysts, Physicists, Chemical Manufacturers and 
Soientifio Chemists, 


Volmue I, — Chemical Engineering, Physical Chemistry. 24s. net 
Volnme II. — Chemical Physics, Pure and Analytical Chemistry. 

[Shortly, 

By JOHN CASTELL-EVANS, F.I.C., FCS, 

Lecturer on Inorg^azuc Chemistry and Metallurgy at the Finsbury Techmcal College 

The Work comprehends as far as possible all rules and tables required by the 
Analyst, Brewer, Distiller, Add- and Alkali- Manu&cturer, &c , and also the pniw 
cmal data m Thbrmo-Ckbmistrv, Electro-Chemistry, and the various branch^ of 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to indude the results of the most recent investigations. 
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Sixth EDiriON", Thoroughly Revised Fully Illustrated. 21b. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 

By a. WTNTER BLYTH, M.R.C.S., r.I.O., RO-S., 

Barrlfiter-at-Law, Fabllo Analyst for the Oonnty of Devozii and 
Medical Officer of Health for St. Marylehone 

And M. WYl^TER BLYTH, B.A., BSa, P.CS. 

&HNHEAL OoNTBNTS —History of Adulteration — Leglfllatlon —Apparatus —"Ash 
Sugar — Coufectlonery —Honey — Treacle — Jams and Preserved wults — Storohes — 
Wheaten-Plour —Bread — Oats, — Barley —Rye — Rice — Maize —Millet —Potatoes — 
Peas —lentils —Beans —Milk.— Cream —Butter — Oleo-Margarlue — Cheesa— Lard — 
Tea. — Ooflfee, — Cocoa and Chocolate — Alcohol. — Brandy — Bum — Whisky — Gin, — 
Arrack,— LlqLueuTB— Absinthe —Yeast —Beer — Wine.— Vinegar —Lemon and Lime 
Juice.— Mustard —Pepper —Sweet and Blttei Almonds — Annatto —Olive Oil — Water 
Analysis.— Appendix : Adulteration Acts, Ac. 

** A new edltlou of Mr Wynter Blyth'a Standard work, somiOBSD with all ths xEonrr 
pisoovsRiBS AMD uopKOVAOCBins, wUl DO oocopted 08 a boon.'— CAsmieal ATam 


Fourth Edition, Thoroughly Revised In Large 8vo, Cloth, with 
Tables and IlluBtrations 218 net. 

POISONS : THEIR EFFECTS AND DETECTION, 

Bt a. wynter BLYTH, M.R.0 S., F I.O., F.O S., 

Bariister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone 

Gbkbbal Oontunts — I — BUstorloal Introduction II —Olasslflcatlou— statistics— 
■Oonneotlon between Toxic Action and Chemical Composition— Life Tests— General 
Method of Procedure— The Spectroscope— Examination of Blood and Blood Stalna 
IIL— Poisonous Oases. lY —Acids and Alkalies. Y —More or l eas V olatile Polsonons 
-flnbstanoea YT —Alkaloids and Poisonous Vegetable Principles VTL— Poisons derived 
from Livlim or Dead Animal Substances VIIL — The Oxalic Acid Group. IX. — 
Inorganic Poisons Appends Treatment, by Antidotes or otherwise, of Cases of 
Poisoning 

“ Undoabtedly TEH uobt ooicrLXVa wore on Toxicology In our language. "—ZTic 
" As a PRAOTiOAL flUiDi, ws kuow VO BHRXB work."— 2'Ac Lancet fonMa ThML JCdM&nj 


Crown 8vo, Handsome Cloth. Fully niustrated. los. 6d. 

FLESH FOODS : 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 

A Practical Handbook for Medical Men, Analysts, Inspectors and others. 
By C. AINSWORTH MITCHELL, B.A , F.LC., F.C.S. 

“ A compnatlon which wIU be most useftil for the clam for whom It Is Intended ''—AtheHtemiL. 
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Second Edition With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

POE DAIRY MANAaERS, CHEMISTS, AND ANALYSTS 
A Practical Handbook for Dairy Chemists and others 
having Control of Dairies. 

By H. droop RICHMOND, F.LC.. 

CHBMIST TO THB AYLESBURY DAIRY COMPANY 

Contents.— I Introductory —The ConsUtuents of Milk. IT. 

Milk in Normal Milk its Adulterations and Alterauons, and their DetecuM. 
TV The Chemical Control of the Dairy V, Biological and S^itary Mattel^ 
VI. Butter. VII Other Milk Products VIII. TTie Milk of Mammals other 
than the Cow —Appendices — Tables — Index. 

» . In our opinion the book is the best contribution on thk subtbct that 

has y*t appeared m the English language “—Lanai (on the First Edition) 

Fully Illustrated With Photographs of Various Breeds of Cattle, &c. 

6s tiet. 

MILK; ITS PRODUCTION & USES. 

With Chapters on Dairu Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 

By EDWARD P. WILLOUGHBY, 

M D. (Lond ), D.P H (Lend and Oamb ) 

“We cordially recommend It to eyeryone who has anything at all to do with mtllc," 
Dairy World. 

In Crown 8vo, Fully Illustrated 2 s 6d. net. 

THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.LC., 

Analyst to the Aylesbury Dairy Co , Ltd 

“ Without doubt the best contribution to the literature of its subject that has ever been 
written “—Medical Times 

In Large Grown 8vo. Cloth. Fully Ulustrated. 4a. 6d net 

ELEMESTART AGRICDITDRAL CHEMISTRY. 

By HERBERT INGLE, BSo., F.I.O., F.O.S. 

Contents —Inti-oduotloii —Tho Atmosphere —The Soli —Natmal Waters —Tlie 
Plant —Manures —Oiops —Tlie Animal -Foods and Feeding— The Dairy —Miscel- 
laneous.— Index 

Fifth Edition, Revised Throughout With. 101 Illustratioiis, 

In Cloth 

MICRO-ORGANISMS AND FERMENTATION. 

By ALFRED JORGENSEN. 

Tkakslated by SAMDJilL H. DAVIES, M.Sc 
CoktHh^s — Mlcroflcoplcfll and Pliyslologloal luvcstlgatloiiB luTflBtlgutlou of Foi- 
mentatlou lii All and 'Watei — Bactorla-monlds — Yeasta —Culture — BlliLlunuAi>u\ — 
INDEX 
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Tht f p Edition. In Hftndaome Olotb, Folly Bloatrated. 21 b, net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

Bt WALTER J. STKB8. 

Revised bt ARTHUR R. LING, E.LO., F.O.8., 

Editor of the Journal of the Inetltate of Brewing. 

CONTHHTS.— Physical Prlnolplea Involved — The OhemIstiy of Brewing.— The 
Mteoscope.— Vegetable Biology.— Fermentation — Water — Bwley and Malting — 
Arrangement of Brewery Plant.— Quantities of Materials.— Fennentation.—AntiBepBoi. 
— Ffnmgs — <lbaraoterlstl08 of Beer — Diseases of Beer.— ljn)BiZ 

** A thorough and oomprehenslve text-book . . np-to-date • . a standard 

^ost-book.**— JBreuwrs* Journal 


In Large 8vo. Complete m Two Volumes. 

Eaiih Yohmt OompleU m Itself^ and Sold Stpwraiely* 

TECHNICAL MYCOLOGY: 

The iltl/laation of Mlcro^rganiama in the Arts and Manufactures, 
By Db. FUANZ LAFAB, 

Prot of Fermentatlon-PhyBlology and Bacteriology In the Teohuleal High fiohool, Vienna. 
TbahslaMED nr OHABLBS T 0. BALTHB. 

VoL L-SCHIZOUYOBTIC FBRIHEINTATION. 

VoL IL— BUMYCBITTO FBRMBNTATION. 


Oowa 8 to, HandBome Cloth With Diagrams. 7s 6d net 
Volume to “FBRHENTS," by the eame Author.] 

TOXINES AND ANTITOXINES. 

Bt OARL OPPEKHEIMER, Ph.D , M.D. 

Of the Physiological Institute at Erlangen ’ 

Translatm) from the Gerscan by 

-AINSWORTH MITOHELL, BA FIO POR 

onflar rarlew “—Xediail Tlmu *ni»U work on ToztneB irhich equals the one 
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In Crown 8vo. Handiom* Oloth. Fnlly Zlhucnttd. 6§. net. 

PEAT: Its Use and manufacture. 

By PHILIP R. BJiJRLINQ Amd PRKDaRICK T. QISSING. 


Obkbrai. Ooktbwtb --Introduotlon -TI m ForwaiJoo of P«5f.-Ar5a «d D^h of 

Principal OountilcM -Manufaetupb of Pa^ f J^ul 

Paat.-MRclilnory aniployiHl In ijio Mwiafacinriof ***« Mwhlnw 

employed In JU llanaTlwt«ro.--Pe«t CharooW^and lu nuklMPMtlteliSI 

ChaMoal -Other PnidncUopa finived fro^Nt, nuFjia^r, lil«J«rorCMdIoi,TEiy«, Pj^,™ 


. . Bogi Id 
aoufaetund 


Oharcoal —Other PrftdncUopa 
— BiBLIOQBAPKT — INDIX. 

“The treatmeut Utrnniflinul la Hear and IntoraaUDC 


aieoltent pJat«L“- 


Companion Volume Ut tlw almve. lu Crown Bvo. Ctotii. Fully lUuitrated. oi. not 

COMMERCIAL PEATi 

Itm XJmmm imd Itm FcMMdibimiM, 

By y. T- QIB81NO. 

“A uieful ami initmtUvD bpltome itf iha develnimianl uf tb* Iwitialry.”— J/aeAa»U^ 
Engiwn 

ShcoND Kr>rrinN, Kcviacd. In Medium Sro, Clolh. Illuitrated. 
lai. 6d. net 

PAPER TECHNOLOGYs 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIBS. 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPBRMAKINO FIBRES. 

With Seleeted Tablet fbp Sutlonert, PublUherti and Othavs. 
liv R. W. SINDALL, F.C.S. 

" Rxcccdmaly inatrncuvp and pariicHljiHy iiaefiil * AMm' ManiA/y J^nmmU 


In Cniwii Hv» llaiidiimne Cloib, With au lUnaUwUona. U, not 

THE OLAYWORKER'S HANDBOOK. 

An Epitome uf the MetterMe anti Methane emptoitad In BrlcMmahlng and Pottery, 
li\ TIIK AUTInm «»V "THE ClIRMlKlEV OF CLA Ytt ORKINO," 4ft 
Obkrrai. CoKTXKTa Matrrtatu u«r<t In f lararnrliii 





JlarisK. 
DereoM 

''W« ««M tlmimmlily r^’minmeml thla liamlr iKife liu.di to all our rMdpra."' ErAiJb and 
Pottery Tratli^M JuUituil 

In Impurml 8vo. Strongly tind Klogantly Bcniml in Half Leather. 

*J4. net. 

CERAMIC LITERATURE. 

(JlaHHiihttl. niid IW l»y M. L. HOI/JN, 

Prcahtrul uf tin Kli^llali I rraitilr KmMy 

An Analytlt'ul Imlox to the \V».rka Ptihlialiinl li» nil l.nti|(iMge« tm tite Hlitnry and 
thoTi'chiioliiKy td ihu cvrunih Art , nlmi i.i ihr ('aUtloirUva „r Piihlli* Maioumi. Private 
Oollcctlmia, ami of Aucthni Hnlrra In wlihli thr lana rJirthni of (‘anutih* Ohjecta oi>cimy 
an Immntaiitiihuii. iiml to llm iiioal lmi»orUiit LI*U*»r tlie Anoleiitand Modern 
ManuiiictorU'* of Pottoiy ami Port elatii. 
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In Medium 8vo Fully lUustrated Cloth 

MODBRN HBTHODS OF 

SSWiLOC: PURIFICATION^. 

By G BEBTEAM KEBSHAW, 

Engineer to the Boyal Gommlasion on Sewage Blaposal 
OoKTENia —Introduction — Hlatorioal —Conservancy Methoda and Pui-lfioatlon of 
Sewage.— Drainage Aiea and 'Water Supply —Sewerage SyBbenis — Aalnlall and Storm 
Water —Variations In Flow of Sewiwe -Composition and Classification of Sewages — 
ConslderatlonB to be Observed In Selecting the Site for Disposal Works — Prellmlnaiy 
Processes —Sludge Disposal —Land Treatment.— Contact Becls —Percolating Filters — 
Treatment of Tiade Jtefuse —Effluents and Standards -Appendix — Xitdsx 


In Liarge 8vo. Oloth. With 147 Illustrations. 15 b. net 
A MANXTAIj of 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Peop. DTJNBAE,, ^ 

Director of the Institute of State Hygiene, Hamburg 
English Edition by HAKRY T. CALVERT, M.So., Ph P , F I.C , 
Chief Chemical Assistant, West Elding of Yorkshire Elvers Board 
CoNTBuns.— Growth of Elver PoUntlou —Legal Measures taken by Central and Local 
Authorities —Else and Development of Methoda of Sewage Treatment.— Earlier Views 
on Methods of Treatment — Charaoteriatics of Sew^ —Objects of Purification Works 
— ^Methods for the Eemoval of Suspended Matters -For the Eemoval of PntresolbUlty — 
Disinfection — Supervision and In^)eotlon of Works —Utility and Cost— Index. 

" We heartily commend the book os a pecuUaiJy fair and impartial statement of the- 
present position of the sewage problem Lancet 


Bea/u,t\tully lllustratedy wxtk Numeroue Plaieey DxagramSy and 
Fxgxxrta in the Text* 218* net 

TRADES' WASTE: 

ITS TBEATMBNT AWD UTILISATION. . 
Handbook fop Bopough Engineers, Surveyors, Arehiteots, and Analysts,. 
By W. NATLOR, EOS., A.M Inst.O E., 

Chief Inspeotor of Elvers, Elbble Joint Goininlttea 
** There u probably no person In England to-day better fitted to deal rationally wltb 
enoh a eabjeot ‘British Sanit ariafi 


Second Edition. In Medium 8vo Thoroughly Revised and Re-Wntten^ 

15s. net, 

CALCAREOUS CEMENTS 5 

THEIR NATURE, PREPARATION. AND USES. 

mri.’tlB. ■oxseae Reonnsbvfea 'caig>oai Oeaxnena.4 Vea'tJLsntf*- 

By gilbert R. REDGRAVE, Assoc, Inst. C.E , 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F C S. 

•* We can thoroughly recommend it as a first-class iuy^tmcat,*‘-‘-Practtcai En^tueer 


In Handsome Cloth 5s net, 

A HANDBOOK FOR CEMENT WORKS’ CHEMISTS. 

By frank B gatehouse, FCS 

General Contents. — Introduction — Chemicals and Apparatus — Books — Analysis and 
Calculations of Raw Materials — Analysis of Fuel, Kiln G^es, Lubricants and Water, — 
Cement Analysis. — Gypsum, Plaster, &c., Burnt Lime — ^Appbndicks. — Index. 

"Condse excellent a usefbl addition to Cement Literature Concrete 


LONDOH: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STBAND. 
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0HWMI8TRY AND TEOHNOLOOJ, 6i 


fft 


With Four Folding Plates and Kumerous lUuBtrationB Large 8vo. 

8b. 6d net. 

WArrsR suppiiTr: 

A Praothal Treatise on the Selection of Souroea and the Distribution of Water 

Bt REQ-INALD FI MIDDLETON, M Inst 0 E., M.Inst F.S I* 

“ Aa ft companion for the student, and a constant reference for the technical man, we 
anticipate it will take an Important position on the bookshelf.”— Prootioof JBng\neer 

In Large Orowu 8vo Fully Illustrated. In Two Volumes 

Volume 1. Fourth Edition. Price 78. 6cl. net. 

,, II. THIRD Edition. Ready Shortly. 

THE CHEMISTRY OF 

CrA& miLNTJFACrrTJJEtJE : 

A Hand-Book on the Produotion^ PuHfloation, and Testing of Illuminating 
Qas, and the Assay of the Bye-Produota of Qas Manufacture, 

By W. J. ATKINSON BUTTERFIELD, M A , F.LO., F.O.S., 

Fonnerly Head Ohemlst, Oas Works, Beokton. London, E. 

** The BEST WOBK of its kind whioh we haye ever had the pleasure of re* 
viewing.” — JowmcU of Qas ' 

Second Edition, B 

age: rL 

the pbinoiples of 

By F H. 

And W J, ATKINSON B 
Oonsultlng Chemist, Author 
"We can thoroughly recommend th« 
of reference, to the user as supplying \ 
procedure, and to the student os a safe and 

Large 8vo. Handsome < 

FIRE AND EXPI. 

A Handbook of the Deteotion, Investigation i 

By Dr. VON S 

* Translated from the Revised Germai 

ABBETDGBl) GENERAL CONTENTS —Plrea an 
Dangers arising from Bourcea of Light and 
Special Industries — MateriolB Employed — 

Beslns — Mineral Oils and Tar — ^Alcohol, &c 
Ignition Appliances, Plreworks 

"The work affords a wealth of Information on cne ohenuau-j ui me. 
topics "—Fire atid Water 

In Handsome Cloth With 59 Ulustrations. 6a. net. 

SIVIOKC 

A Manual for the Use of Manufacturers, Inspeotora, Medical Officers of 
Health, Engineers, and Others, 

By william NIOHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation 
"We welcome such an adequate atatement on an important subject” — British 
Jfedical Journal 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND 
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Fifteenth Edition, Thoroughly Revised. Price 6s. 

PRACTICAL SANITATION: 

4 HAND-BOOK FOB SANITARY INSPECTORS AND OTHERS 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

FNlim, Mtm CmmdL and Ejtambttrt Sa^iary /nstiiittt ef Graat Eriiain, 
and Mtdical Ojffiear io the Siaffcrdshir* Cmtniy CouneiL 

Tmitb an BppenMi on Sanitatp Xavo. 

By HERBERT MANLEY, M.A., M.B., D.P.H., 

Barrisitf^t-Law 

Gekrrai. Contents — Introduchoii — Water Supply • Drinking Water, Pollution of 
Water — Ventdabon and Warming — Principles of Sewage RemovaL — Details of Drainage , 
Refuse Removal and Disposal —Sanitary and Insanitary Work and Appliances — Details of 
Plumbers' Work. — House Construction — Infecbon and Dismfecbon —Food, Inspection of ; 
Chaiactensbcs of Good Meat , Meat, Milk, Fish, &c., unfit for Human Food —Appendix 
Sanitary Law . Model Bye>Laws, v.c 

A VERY USBFUX. BandbOOK, with a very useful Appendix We recommend It not only to SLANTTAB.Y 
INSPECTORS, but to Householders and all interested in Sanltaiy Matters Rtcord 


In Handsome Cloth. With 53 Ulustrations 33. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.SanI, 

Mem. ncor Ajbsoc Mun and County Engineers , Surveyor, Wombwell, Yorks 

Contents. — Water Supply — ^Yentilabou. — Drainage — Sanitary Building Construcbon — 
Infectious Diseases — Food loswcbon — Dubes of an Inspector of Nuisances and Common 
Lodging-Houses — Infecboua Diseases Acts — Factory and Workshop Acts — Housmg of 
the Working-Classes Act. — Shop Hours Acts — Sale of Food and Drugs Acts. The Mar- 
garine Acts — Sale of Horsefiesn, &c , Rivers PoUubon — Canal Boats Act —Diseases of 
Animals — Dairies, Cowsheds and Milkshops Order — Model Bye-Laws — MisceUaneoiu — 
Index 

"Accurate, reliable, and compiled with conciseness and care ''—Sanitary Racord, 


Second Edition, Revised. In Crown 8vo Handsome Cloth. Profusely 
Illustrated. 8s 6d net. 

SANITARY ENGINEERING: 

A Praotioai Manual of Town Drainage and Sewage and Refuse Disposal, 
For Sonttary Authorltiea, Engineers, Inepeotore, Arohlteota, 
Oontraotora, and Students. 

By FRANCIS WOOD, A.M.Inst.CE., F.G.S., 

Borough Engineer and Surveyor, Fulham , late Borough Engineer, Bacup, Lancs 

O-ENERAL OONTENTS. 

Introduction — Hydraulics —Velocity of Water in Pipes — Earth Pressures and Retauung 
Walls. — Powers. — House Drainage —Land Drainage — Sewers — Separate System. — Sewsgr 
Pumping — Sewer Ventilabon. — Drainage Areas —Sewers, Manholes, &c.— Trade Refuse — 
Sewage Disposal Works — Bacterial TreatmenL — Sludge Disposal — Construcbon and 
Cleansing of Sewers. — Refuse DisposaL — Chimneys nnd Foundabons 
' The TOlutne brtttlea with Information which will be greedily read by those in need of assistance. The 
book IS one that ought tx> be ou the bookshelves of every practical ENGINEER, '’-nS’sHAbry Vourttai. 

» A VERTTABLB pocket COMPBNDIUU of Sanitary Engineering A work which may, In 

many respects, bo considered as COMPLETE COMMendably CAUTIOOS interbbting 

. suggestive. '—PuBlte HeaUK SnsrifUtr 


LONDON : CHARLES GRIFFIN i GO., LIMITED. EXETER STREET, STRAND. 
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SsooNX) Edition, /n hwrgt Bvo. jBanoffiome OlotK JBeauti/uUy 
Illttatrated. With Plates and Figures in tTie TexL Sis, net, 

SOAD HIKING AND HAINTENAHGE; 

A Pract/oal Treatise for Engineers, Surveyors, and Others, 

With an Histobioal Sk3btoh op Ancient and Modeen Fbaotiob. 
By THOS. AITKEK, Assoo.M.Inst.O.E., 

Hexnlier of the Aaaoolatlou of Mnnlolpal and Oonnty Engineers , Member of the Sanitary 
Inst. , Snireyor to the Oonnty Oonnoll of PUe Onpar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND lUUSTRATIQNS, 

OoNTENTS. — Historical Sketch. — Resistance of Traction. — Liayuig out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage — Road- 
Rolling and Soarifjnj^ — The Oonstmotion of New, and the ^funtenanoe 
of existing Roads. — Oamage Ways and Foot Ways. 

‘•The Literary style la sxoBtLSNi A ooupebhxnbivx and JzouLBifX Modem Book, an 

ur-TO-j)ATB work Should be on the reference shelf of every Manlolpal and Ooiuty 

Engineer or Surveyor In the United Elngdom, and of every Oolonial Engineer ”^Th6 


In Handsome Oloih, FvMy Illustrated, 10s. Qd. net, 

l>UST'i:.£iSS ROiLl>S. 

TAR MACADAM. 

By J walker SMITH, 

Olty Engineer, Edinburgh 

OoNTBNM — Nocesalty for Improved and Standnrd Road Construction —Tar —Standardisation 
of Matrix— Aggiegate for Macadam — BliTerent Modes of Freitarlng and Laying —Mechanical 
iMixlng —Effects of Wear, Density, Porosity, Disbributlon of Weight —Scavenring . Watering and 
Maintenance — Comber , Gradient, NoIsoJeasneBs, Hygienic Advantages — lloTlbg. — Tractive 
Bffoi-t.— Statistics.— Tar Spraying on Ordinary Macadam SurfhceA-^rPENDiCES — Ihdbx. 

“Tile book Is hi every respect up-to-date and vci'y anggestlve. It Is written by one 
who lias had unique opportunities for studyuig tlie subjeot, who has made himself 
master of all its details, and who Is not afraid to express xiis opinions tliereon It Is, 
tliei'efore, practical iu the best sense of the term CouTify and JfuntoipoZ Jfeww d. 


In Demy 8vo Handscmie Oloih Wxih Many Tahlea, net. 
THE THEORY AND PRAOTIOE OF 

ENAMELLING ON IKON AND STEEL. 

Bt JDLES GETJNWiLD, 

Technical Clienilst and \york8' Alauagor 

Contents,— Introduction —The Raw A1 ateidala —The Mixing, Diasolvluff, and AppU- 
catloii of Enamel —Heating and Pickling tkioda In the Rou^ — Con ect laying on — 
Baking Enamelled Wflie —Decoration of Enamelled Objects -Photo-Cei arnica in their 
Application to Enamels —Gen eial and .Statistical Chapter— Tlie History of Enamels 
and their Uses.— Index 

In Large 8vo. Handsome Cloth. With Plates and Illustrations 7s, 6d net. 

THE MANUFACTURE OF INK, 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks 

By C. a MITCHELL, BA, FIC, FCS., &T. C HEP WORTH. 

"Thoroughly well arranged and of a genuinely practical order *' — British Prater 


lONDON: CHARLES GRIFFIN & GO.. LIMITED, EXETER STREET, STRAHR 
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In Large Svo. Handaome Cloth. Profusely lUuatrated 30a. net. 

A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Ppeparatlon, Examination, and Application of all the 
Plfirment Colours In Practical Use. 

By GEORGE ZERR and De. R. RCBENCAMP 
AUTHOEiSsn Hnolish TeanbIiAWOn by De 0 MATER, or Bueqdoep 

*Thls oompreheufilve galde uaeful aud Interesting arid Colour Trades 

JoumaiL 


Fourth Edition, Revised and Enlarged. With Illustrations. I2s. 6d. 

PAINTERS’ COLOURS, OES, AND VARNISHES: 

A PRAOTIOAIi MAmiAli. 

By GEORGE H. HURST, F.C.S. 

General Contents —Introductory— The Composition, Manupacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black — Lakes— Colour and Paint Machinery — Paint Vehicles 
(Oils, Turpentine, &c , &c )— Dners — Varnishes. 

" A THOROUGHLY PRACTICAL book . Satisfactorily treats of the manufactiire of 

mis, cdlonrs, and pigments.*'— CA mwo/ Traett^ youmal 


In Crown 8vo Handsome Cloth With Illustrations. 5s. 

THE PAINTER’S LABORATORY GUIDE. 

A Stadent’s Handbook of Faints, CoIoiifs, and Varnishes. 
By GEORaE H. HURST, F.C.S. 

Abstract of Contents — Preparation of Pigment Colours — Chemical Principles 
Involved — Oils and Varnishes. — Properties of Oils and Varnishes — Tests and Expennients 
—Plants, Methods, and Machinery of the Paint and Varmsh Manufactures. 

“ This excellent handbook, . the model of what a handbook should be *' — 0//r, 

Colours^ and Di'ysaliaruta 


Third Edition, Revised In Crown Svo extra. With Numerous Blnstra- 
tlons find Plates (some in Colours), inolnctmg Original Designs 128. 6d. 

Painting and Decorating: 

A OoTTuplete^ FraoUoal Manual for House 
Painters and Decorators 

By WALTER JOHN PEARCE, 

LBOrUBEH AT THB IIAHOHB8TSB TBOHNIOAI, SCHOOL TOB HOUBK-PAUrCIHa AND DBOO&ASOffQ 
“ A THOROUGHLY USBTUL BOOK . GOOD, SOUND, PRAOTIOAL INTOB- 

MATION m a OLBAR and OONOISE FORM ”— PZiwn&flj- and Decorator 

“ A THOROUGHLY GOOD A2TD RELIABLE TEXT-BOOK. . . So FULL and 

OOBCPLSTE that it would be difficult to imagine how anything further oonld be 
added about the Painter's craft — Bwlderi Journal 


LONDON : 0HARLE8 GRIFFIN & 00.. LIMITED. EXETER STREET, STRAND, 
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Third Edition In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustiations. j6s net. 

THE CHEMISTRY OF INDIA RUBBER. 

Treatise on the Nature of India Rubber, Its Chemical and l^hystoal Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation, 

By carl otto WEBER, Ph.D. 

" Replete with scientific and also with technical interest. The section on physical 

properties is a complete r6sum6 of every things known on the subject." — India-rubber j ourtial. 


In Handsome Cloth. Fully Illustrated los. 6d. net, 

THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 

Translated by EDWARD W LEWIS, A.C G L, F.C.S., 

Chemist to Messrs. J G Ingram & Son, London 

General Contents — Raw Material and its Preparation — Vulcanisation —-Rubber 
Mixings. — Manufacture of &oft Rubber Goods. — Maniifnctiire of Haul Rubber Goods. 
— RMeneration of Waste Rubber — Spenfic Gravity of Rubber Guodb — Index 
"Can be recommended as a very practical and useful work.”— iV'afttrfl. 


In Large Crown Svo. Fully Illustrated. 54, net. 

GEX^JLTINTE, 

AND THFHR ALLIED PRODUCTS, 

A Praotfoal Handbook for the Manufacturer, Agrloulturist, and Student of Teohnology 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents— Histoncal —Glue.— Gelatine,— Size and Isinglass.— Treatment of Afflu- 
ents produced in Glue and Gelatine Making — Liquid and other Glues, Cements, &c —Uses 
of Glue and Gelatine —Residual Products —Analysis of Raw and Finished ProductH.— 
Appendix —Index 

"A sufficient account of modem methods of working, chiefly from a pmtticnl standnoint. 
A book of real value ^ 


In Large Svo. Handsome Cloth. Fully Illustrated. I5<5, net. 

r.sjLX'jasR rrRADEis’ OHEiiia:xsa:?RY. 

A Praothal Manual on the Analysis of Mdterlals and Finished Produoit, 

By S, R. TROTMAN, M.A,, F.LC, 

Pubhe Analyst for the City of Nottingham, Member of the International AiUociaLion 
of Leather Trades* Chemists 


Synopsis op Contents -Stan^ Solutions —Acids, Alkalies, &c — Water.-Ucpilalion 
and Dehming Fieshing^, &c —Glue — Spent Liquors — Mineral and Vegetable 'lanning 
-Gl s I —Leather — DyestufTH — Degreasing Agents,— 


A^tS — OlG. — r^iuiBU 

Effluents —Glossary — Index 


‘Mr Trotnmn has admirably succeeded in his aim . . Practically (.\cry section oi 

the leather trade chemistry is gone voto,* — Leather Trades* Return* ^ 


In Crown Svo Handsome Cloth. 

THE CHEMISTRY OF THE COLLOIDS. 

Translatbi) prom the German of Dr, VICTOR TOSCIIL 
By Dr. H H HODGSON. 


LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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ODKES fSlC'X'Xr^Ea IMTDXJSVRXXaB. 

Sboond Edition, Thoroughly Revised Vhroughout In Tvjo Large 
VoLumes* Handsome Oloth 458 

A MANUAL OF DYEING; 

fOR THE USE OF PRACTIGAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEINQ. 

E. KNBCHT, PhJ)., F.LC., ” CHR. RAWSON, P.I.C., F.C.S., 

of tke OlianilsIaT uid OyeliMr Departman-t of Late Head of the OhemilitiXT' and Dyeing Departonant 

the Tattmloal Bdiool, "krtifaw of “ The of the Tedhnloal OdUam, Bradford t Hambar 

Jouiul of the Boolatr of Dyan and Oolonxiata * " Oonntdl of thoBociatyof Dyan and Ooloniiati;i 

And RICHARD LOEWENTHAL, PI 1 .D. 

Ghnbbal CoNTHNTfl. — Ohemioal Teohnolo^ of the Textile Eabnos — 
Water — Washing and Bleaching — Aoida, A&aliea, Mordants — Natoral 
Ooloniing Matters — Artificial Organic Oolonnng Matters — Mineral Oolonrs 
^Machinery nsed in Dyeing — Tinctorial Proposes of Colonring Matters — 
Anisia and YfJnatioh of Materials nsed in Dyeing, &;o., Ac, 

“ anthorlfcatlys and exhaustlye work . the kobt gohplbtb ws haye yet seen 

on the BTibJeot.'*>^2te<f2a ifam^aefiirer 


In Large 8uo, Sandaome Gloth. Pp. t-osv + 405 ISe net» 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHIOH THEY' ARE DERIVED, 
By JOHN OANNBLL CAIN, D So (Manohhsteb and TUbingbin), 

Technical Chemist, 

And JOCELYN FIELD THORPE, PhD (Hkidblbebg), P R.S , 
Lecturer on Colouring Matters in the Yiofcorla TJniyeralty of Manoheater 
Part I. Theoretical. Part n. Practical. Part III. Analytical. 

" We haye no hesitation In describing this treatise as one of the most valuable boohs 
that has appeared Will give an lmx>ebiis to the study of Organlo Chemistry 

generally " — Ch&mioal Trade Journal 


Oompanion Volume to Knecht tt Rawaon's “ Dyeing ” In Large 8vo, 
Handsome Cloth^ Library Style, IBs net 
A DIOOTIONARY OP 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

IV/tJi Formulm, Propertfea, and ApplhodJona of the various aubatanoea deaorfbed 
and oonoiae directions for their Commaroial Valuation, 
and for the Deteotlon of Adulterants 

By OHEISTOPHER RAWSON, F.I 0 , F.O S , 

Oonsuitlng Chemist to the Behar Indigo Planters’ Assooiatlon . Oo-Author of ** A Manual 

of Dyeing,” 

WALTER M GARDNER, F.OS, 

•Head of the Department of Chemistry and Dyeing, Bradford Mnnidpal Technical College . 
Editor of the “ Jonm Boo. Dyers and Colourists ” 

Asd W. F LATGOOK, Ph.D, F.OS., 

Analytical and Consulting Obemlst. 

'^XuTTito the book as one may on any sublMt, or any substance In connection with the 
trade, and a reference is sore to be found 'Ibe authors have apparently left nothing out," 
•^Textile Afercurv 
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In Crown 8vo Cloth. With Numeroua UlnstraitionB. 6s. net. 

THE COTTON WEAVERS’ HANDBOOK. 

A Ptactloal Quide to the Oonstruation and Costing of Cotton FabHoa, 

with Studies in Design • 

Bt henry B. HEYIilN, 

Of the Boyal Teohnlcal iDstltute, Salford. 

CoNTBNTa —Weaving —Designing — Weaves —The Power Loom and lie A oceBSorleB — 
inalyBlng or Dissection of the Oloth — Olotb Quoting or Oostlng — Dlvleion of the ^ttOD 
fiduHtry m England —Tama for Mannfaoturlng Purposes —The Selection of « arp Yarne 
and Tarn Testing —Bead and Heald Counting and OolouJationa.— Impo rtnnt Labour 
Units In a Weaving MIIL— MlsoeUany — IJluatratlona of Maohlnery — Examination Quob- 
tlons — iKBinc. , , 

“Mr. Heylln’e text-book Is a very reliable one. It Is dlflaoult to mark out any special 
points among so mucjh excellent mstter ’’—Dyer and Calico Printer , 


Large 8vo Profusely Illustrated with Plates and Figures m the Text, 

168. neb. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, dc RAMIE). 

A Praotioai Manual of the most Modern Methods as applied to the Haohltng, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commeroe 

Bt HERBERT R. GARTER, Belfast and Xiille. 

Gbnbral Contents — Lo^ Vegetable Fibres of Commerce. — Rise and Growth of 
the Spinning Industry —Eaw Fibre Markets. — Piirobaaing Raw Matorlal — Hfcoring and 
Preliminary Operations —Hackling —Sorting — Prepaiiug —Tow Oardliig and Mixing.— 
Tow Oombtng —Gill Sinning. — The Roving Frame.— Dry and DomLaoo Spinning — Wot 
Spinning— Spinning Waste— Yam Reeling —Mauufaotme of Thieads, Twltios. and 
Oords — Jlope Making — The Mechanical Deportment — Modem Mill OoUBtrucblou - 
Steam and Water Power —Power TransmlssloD. 

“ Meets the requirements of the Mill B^nnger or Advanced Studmit in a manner 
perhaps more than sabisfaotory 'W must highly commend tho work ns repro- 

sentlng up to-date practice ''—Nature 


In Levrge 8vo, Handsome Cloth^ with Hnmerous IllnstratiofiA, fls, nef. 

TEXTILE FIBRES OF COMMEROE. 


A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used in Spinning and Weaving. 

Br WILLIAM I. HANNAN, 

Lecturer on Botany at the Ashton Muulolpal Technical Sohool, Lecturer on Uottou 
Spinning at the Ohorley Science and Art School. &c 
*• USMTJL IKIOBJOTION Aj>MinABLH IlI DSTBAHOWa . . "^7 eO-ti S ilftOt dl't , 


^ Illustrations and Printed Patterns. Price 2 is. 

TEXTILE I^RIN'miO'O ; 

A PEACTIOAI, MANITAL. 

Inolndmg tbe Processes Used m the Printing ot 
COTTON, WOOLLEN, SILK, and TTAT. tp. 
SILK FABEICS. 

By 0 F. SEYMOUR ROTHWELL, P.O.S., 

Vem, Soe. of Cham, lf\d , laU Lecturer at the Munic, TecK School Afanchsst^ 
Btfasthh bmt and most praotioal book on tbxtiijc FBurriNa whloh haa yetbeeu 
brought out, and will long remain the standard work on the su bject. 

lONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND^ * 
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OH ARLES GRIFFIN tfr 00,* 8 PU3LJ0ATI0N8, 


Large Svo. Handsome CQoth. 12s. 6 d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 


Bt GEORGE DTJERR, 

Direofcor of the ^leaohlng, DyeliiKi and Printing Bepartment at the Aoorlngton and Baonp 
Teohnloal fiohooli j Ohemlat and Oolonrlat at the Irwell Print World 

Assisted by WILLIAM TURNBULL 

(of TnmbnlL is StookdaJe, lilmited) 

With Blustrations and upwards of One Hundred Uyed and Printed Patterns 
designed speoially to show varions Stages of the ProOesses described. 

Q-BNERAL CONTENTS — Ootto^ Composition of ; BLKACHiNa, New 
Frooesses , Pbintino, Hand-Block ; l^t-Press Work ; Machine Prmtmg— 
Mobdants—Stylbs ojf Cauoo-Peintiko : The Uyed or Madder Resist 

Padded Style, Discharge and Extract Style, Cmtimed or Raised Colours, 
Insoluble Colours, &o. — Thickeners — Natural Orgamo Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Minejud 
Ooloura — Coal Tar Odoura—Uyemg— Water, Softening of — Theory of Colours 
— Weights and Measures, &;o. 

” When a bbadt wa.t ont of a dlfflcnlty la wanted, It la is books likb xhis that It la found 
Bteorder 

"Mr. DuBBa’a voax will he found host usiYDn. . The Information given la of oaxAr 

VA&ni. . The B^clpea are xhorouohlt PXAonoAn, "—TABtUe Mapu/iuiurar. 


Second Edition, with New Appendix In Handsome Cloth. 

With 76 Illustrations. 5 s net. 

DYEING AND CLEANING. 

Bt BRANK J. FARRELL, M.So, &a 

Genehal Contents. — Technology of the Textile Fibres — Dry 
Cleaning. — Wet Cleaning — Dyeing — Dry Dyeing — Special Methods, 
Gleaning and Dyeing Skm Rugs, Feathers, and Hats — Finishing. — 
Appendices — Index. 

“A timely and valuable contribution . well got up in eveiy way -JDyflr and 
Calieo Printer 


LONDON. CHARLES GRIFFIN & GO.. LIMITED, EXETER STREET. STRAND. 
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Thiks Edition, Revised, Enlarged, and Re-issued. Price 6s net. 

A SHORT TVrA-M TTAT. 07 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D., F.R.S., 

And WILSON HAKE, Ph.D., F.LO., F.C.S, 

Of tha Weatmmstar Hospital Medical School 

kxamplb of ths advantagss of thb Syst^atzc Txsatkbmt of a Saence 
over the fragmentary style so generally followed. Bv a long wav thk bxst of the small 
Manuals for Students. 


In Handsome Cloth With nearly 50 Blnstrations. Ss. 6d. nec. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M A., Ph.D., F.I.C. 

WTCH A FEUyAOB BT 

Sib william RAMSAY, K.0 B., F.R.S 

Contents —The Beaker and Its Technical Dqulvalonta — DlabllUnff Plasks, Lleblg'a 
Oondensera --irraotlonatliig Tabes and their Technical Equivalents —<^6 Air-Bath and 
Its Xeohnloal Equivalents — Tlie Blowpipe and Oruoible and their Technical Equivalents 
•-The Steam Boiler and other Sources of Power —General Eemorks on the Application 
of Heat In Chemical Engineering —The Punnel and Its Technical Equivalents .--The 
Mortar and Its Technical Equivalents —Measuring Instruments and their Teohnloal 
Equivalents —Materials Used In Chemical Enrineertng and their Mode of Application — 
Technical Eesearoh and the Designing of Plant — OonmuBlon — Ohemloals and Materials 
—Index 

" Excellent. Eveiy student of chemistry attending a technical course should 

obtain a cony -^ChemiacU Juvws 


LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metallurgy In the Glasgow and West of Scotland Teohnloal College 

OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF ST-UBENTS 
With lUuBtratioDB. Fifth Edition. Crown 8vo, Cloth, 3a. 

A OOKPAOT LABORATORY GOZDB for beginners was wanted, and the want has 
been wxll suppluto . , . A good and nsefol book.”— 

OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THS USE OF STUDERTS 

With lUuBtrationa. Fourth Edition, Revised, Crown 8vo, Cloth, Sa. 6d, 

*' The work of a thoroughly praotioal chemist .” — JBntish Medical JoumcU. 
Qoznpiled with great oare, and will supply a want.”— t/oumaZ of jBducation» 

ELEMENTARY METALLURGY: 

Inoludmg the Author’s Praotioal Laboratory Coarse. 

[See p. 51. 


LONDON: CHARlES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND. 
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CHARLES GRIFFIN dt 00,'S PUBLICATIONS. 


Third Edition, Revised and Enlarged. Large Crown 8vo, with numerous 
Ulustrabons. 3s. 6cL 

THE FLOWERING PLANT, 

Wira A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES, 

As mustrattug the First Frinoiples of Botany. 

By J. R. AINSWORTH DAVIS, M.A., FZ.S., 

Prof of Bioloffy, Uuversi^ College. Aberystwytli . Plxamioer la Zoology, 
Umveraity of Aberdeen 

" It would be hajrd to find a Text-book which would better guide the student to an accurate 
knowledge ci modern discoveries u Botany The sczbntific accitbacy of sta t eme n t, 

and the concise exposibon of first princiflbs make it valuable for educational purposes. In 
the chapter on the Ph^ology of Flowers, an adtmrablt riswttif drawn from Darwm, Hermann 
Mffller, Kemer, and Luhbodc, of what is known of the Fertilization of Flowers, is given ’’■ 
y&umal cf BoUtm 


POPULAR WORKS ON BOTANY BY MRS. HUGHBS-GIBB. 

with muBtr&tlons. Orown *ivo Oloth as. Od 

HOW PLANTS LIVE AND WORK: 

A Simple IntFoduetlon to Real Life In the Plant-world, Based on Lessons! 
originally given to Country Children. 

By ELEANOR HUGHES-GIBB. 

*** The attention of all Interested In the Solentldo Tralnlnff of the Young is reaneeted bo this 
DBLXOHTFnuT TRXSE and OHABiuvfi LiTTLB BOOS It Ought to be In the hands of every Mother 
and Taaoher tbronghont the land. 

" The ohlld's attention Is flnt seonred. and then, In langoage siuplh, tbt BOiHNTiviaALLT 
AGODBATBithe flTst lesBoos In planMlfe are sat before It."— Natural SoUtuu 
" In every way well calonlatnd to make the study of Botany AnaAOTEVi to the young 
Seotaman 


"With. Illustrations Crown 8vo Gilt Ss. 0d 

THE MAKING OF A DAISY 5 

“WHEAT OUT OF LILIES;” 

And other Studies from the Plant World. 

A Popular Introduotion to Botany. 

Bt ELEANOR HUGHES-GIBB, 

Author of Eow Plants Liw and Work * 

“A BRiosT little Intpodaotlon to the study of Flowers Jbw »a< oi hotanv 
*‘The book will afford real assistance to those who can derive measure from the ^tudy or 
Nature In tne open The literary style Is oomm»^n aoie 

UNiDOiH: CHARLES SRIFFIN A GO., LlMlFER EXETER STREET, STRAND. 
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'* bojn oouiiB Noz HAVE A UOAB ALiiintizrG iK!CRODvasiON to Boleotlflo pnrtulti 
than theie oharmisg-lookliig volnmea "--Letter to the J^ubllBhera from the Heed 
meiter of one of our great Publlo Sohools 

Second Edition, Kovieed Handsoiue Olotli Gg. not. 

OPEJI-AI 5 STUDIES I]1 BOTAjiY: 


SKETCHES OF BEITISH WILD 
IN THEIR HOMES. 


FLOWERS 


By R. LLOYD PRAEGER, B.A , M:.RJ.A 

niastFated by Drawings fi*oin Nature by S. Rosamond Praeger, 
and Photographs by R. Weloh. 

Genideial Contents. — A Daifly-Starred Pasture — Under the Hawthorar 
—By the River — ^Along the Shingle — A Fragrant Hedgerow — A Connemara 
Bog— Where the Samphire crows — A Flowery Meadow — Among the Com 
(a Study m Weeda) — In the Home of the Alpines— A City Rnbbish^Heap— 
Glosaaty. 

"A FRESH AND BXDniiAnNe book . ehould take a high plaoe . . . The 

niuetratl one are drawn with much skill." — The Times 

"BbautifuliiT illustrated . One of the most aooiteate a« well ai 

DTEHRESTiNa books of the kind we have seen " — Alhenamm 

“Bedolent with the scent of woodland and meadow Stcmdard, 


With 12 Full-Page Illustrations from Photographs. 
Second Edition, Revised, 8a, ed. 


Cloth, 


OPEli-illl STUDIES Ijj GEOLOGY: 

An Introduction to Geology Out-of-doors. 

Bt GRENVILLE A. J. OOLE, E.G.S.. 

Professor of Oeology In the Boyal College of Soleuoo for Ireland, 
and Examiner In the University of Loudon 

General Contents —The Materials of the Earth — A Mountain Hollow 
—Down the VaUev— ^ongthe Shore— Aoross the Plains— Dead Voloonoee 
Aimals of the Earth- Xhe Surrey HilU— The 
l^olds of the Mountams. ^ 

“The rASdNATma ‘Opbn-Air Htudibs' of Paor Oolb give tbe aablaot & ol«iw 
A xn^OH oamot fall to arouse keen Interest In gooioffy."— 

"A oEABMnia BOOK, beautifully lUnstrated ." -Athmamm ueotog^cai Uagasm* 


Beautifully Illustrated, With a Frontispieoe in Colours, and Numerous 
Speoially Drawn Plates by Charles Whymper, 7 b. 6d, 

OPEH-fllU STUDIES IJi BIUD-UFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 

^ „ By CHARLES DIXON. 

£r^2a'a:®cr7.£'?h£:‘-3]fX'^''=' 

«ceU..it niiwtrations A welcome addition to all liUranei 


tONDONj CHARLES GRIFFIN & CO.. LIMITED EXETER 8TREET„ STRaW 
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OHARLBS &RIFF1N A 00.’ S PUBLIOATIOBB. 


All ELEMENTARY TEXT -BOOK OF FHT8IC8. 

By B. WALLACE STEWART, D.So. (Loto.) 

In Four Volumes, Crown 8uo, Cloth, Eaoh Fully Illustrated, 
Sold Separately, 


VoL, I Umform with Vols. II to IV and Fully Illustrated 

GSM'SRiLU PHYSICS. 


Now m THE Pkbss Will be ready very shortly 


VoL IL Just Pdblished. Profusely Illustrated. 2s 6d net 

S O TJ R 1>. 

Contents — Simple Harmonic Vibration — Production of Sound. — 
Wave Motion — Propagation of Somid. — Charactenstios of Sound — Re- 
'fleotion and Refraction of Sound — Velocity of Sound m Air and Water — 
Transverse Vibration of Strmgs — Longitudinal Vibration of Rods and 
Columns of Air. — Index. 

Should supply the much felt need uf an elementai’y treatment of this subject 
•distinctly good.**— 


VoL. HI Just Published. With 142 Ulustrations. Ss 6d. net. 

r. I G H X. 

Contents —Introductory — Rectilinear Propagation of Light — 
Photometry. — Reflection at Plane Surfaces — Reflection at Spherical 
Surfaces — Refraction. — Refraction through Lenses — Dispersion —Index. 

“ This elementary treatise resembles Part IL (5<mn(2) In Its attractiveness . the 
treatment Is good excellent diagrams very clear ” — Joum td <d 

Teachers tn Teehnusal Inatiiutes 


VoL rV Just Published With 84 Illustrations. 3s 6d. net 

JSL E A T. 

Contents — Introductory — Thermometry — Ei^ansion of Sohds — 
Expansion of Liquids — Expansion of Gases — Calorimetry — Specific 
Heat. — Lu^^uefaction and Sobdifloation — Vaporisation and Condensation 
— Conduction of Heat. — Convection. — ^Mechanical Equivalent of Heat. — 
Radiation — ^iNDra. 


In Large 8vo With Bibhography, Illustrations m the Text, and 
Seven Plates 128 6d. 

THE MEAN DENSITY OF THE EARTH. 

Essay to which the Adame Prize was Adjudged In 18B3 In the Unluersity of Cambridge. 

By J H POYNTING, Sc.D , F R.S. 

"Oannot fall to be of great aud general interest ’'^Athenceum, 


LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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TEXT-BOOk OF PHYi^ICS 75 

In iFire Yolnmea Large 8ro. Sold Separately. 

A TEXT-BOOK OF PHYSIOS. . 

By J. H. POYNTING, So.D., P.B.S., 

Professor of Pliyslos, Bliinlngliam University, 

And Sir J. J. THOMSON-, M.A., P.B.S., 

Piofessor of Experimeutiil Physios in the Unlrerelty of Oambrldge 


Introduotoby Volume. Fifth Edition, Revifled Fully Illustrated. 

10s 6d. 


PROPSRmSS OP IMrAT'rrRR. 

Oontbstb — Gravitation — The Aooeleration of Gravity Elasdolty — Stresses and 
Strains — Torsion —Bending of Hods —Spiral Springs —OolllBion.— OompreBBlblllty of 
Liquids.— Pressures and Voluznps of Gases —Thermal Bffeota Aooompunylng Stnua— 
OaplUarlty — Surface Tension —Laplace's Theory of OapUiarlty — DiffuBlon ofXlqnlds — 
Dunislon of Gases.— Vlsooslty of Llqulda— IiTDax 

"We regard this book as quite Indispensable not merely to toaohers but to physIolstB of every 
grade above the lo\^ est univtraUy Oort'tapoiiidxiU 


Volume II Fifth Edition Fully Illustrated. Price 8b. 6d. 

S O XT N 1>. 

OoHTBMTS —The Nature of Sound and its chief Charaot eristics. —The Velocity of Sound 
In Air and other Media,— Refleci Ion and Iljfraotlon of Sound —Frequency and Pitch of 
Notes — Besonanoe and Forced OsoiUatlona— Analysis of Ylbrattons.— The Transverse 
Vibrations of Stretched Strings or Wires —Pipes and otlier Air OavltleB —Bods — Platei 
—Membranes,— Vibrations maintained by Heat —Sensitive Flames and Jets — Mnsiua]< 
Band.— The Superposition of Waves - Indi x 

“ The work may be recommended to anyone desirous of possesslug an bast 

up^o-DATB SxANnARD Tabatise ou Acoustfos Aifst atwt. 


Volume HI Third Edition, Revised. Fully Illustrated. Price 16s, 

h; S iL T. 

Contents — Temporutuie -Expansion of Solids —Liquids —Gases - Oli'oulatlon. 
and Convection —Quantity of Heat, Speolflo Heat.— Conductivity — Foima of Energy;. 
Conservation , Meohaulcal Equivalent of Heat — Tlie Elnetlo Theoiy — Ohange of State , 
liq^d, Vapour —Critical Points —Solids and Liquids —Atmospheric Conditions.— 
Eamtlon —Theory of Exchanges —Radiation and Temperature —Thermodynamics — 
Isothermal and Adiabatic Changes — Xhormodynainlus of Changes of State, and Solu 
tlona -Thermodynamics of Eadlatlon —INDEX 

“Well up to date, and extremely cleai* and exact tluoughout . As dear as 
It would bo possible to make such a text-book ''^Nature 1 

Remaining Volumes id Preparation — 

IiiaHT ; MAGlfl-BTISM AND BLBOTBIOITT. 


LONDON : CHARLES GRIFFIN & 00., LIMITED, EXETER STREET, STRAND. 
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OH ARLES QR1EFI27 Jb OOJS PUBLIOATIONS. 


In Crown 8vo With Diagrams. Cloth 
AN INTRODUCTION TO 

THE THEORY OF STATISTICS. 

By Ot UDNY YULE, 

<• Honorary Seoretary of the Royal Sbatlatical Sooiaty of London, (&c, 

CONTHNTa —Introduction Part L— The Theory of Attributes.— Notation and 
Terminology — Qonslfltenoe — Aaaoolatlon —Partial Asaoolatlon —Manifold Claaalfloa- 
tion Part II.— The Theory of Variables.— Frequency Dlatrlbutlon -Averages.— 
Meaamea of Diversion, &c.— Oorrelation —Do , Practical Applications and Methods — 
Miscellaneous Theorems Involvtag the use of the Correlation OoefQolent — Partial 
■Correlation Part III.— Theory of Sampling.— Simple Sampling of Attributes,- 
Bffects of Removing the Idmltations of Simple Sampling— The Rluomlal Dlstrihutlon 
and the Normal Ourve.- Normal Oonelatlon —The Simpler Oases of Sampling for 
Yarlables.— PeroentUea and Mean 


Twenty-sixth Annual Issue, Handsome doth, 7s. 8<t , 
(To Subsoribers, 6s.). 


THE OFFICIAL YEAR-BOOK 


or THB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND 

OOMPXLRiD FBOH OFFIOIAIi BOUBOEB. 


Oomprlslng {together with other Offloial Information) LISTS of the 
PAPERS read during the Session 1908-1909 before all the LEADINS 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
ments of Researoh /— 


<1 




Sdence Generally * , Soaetiea occupy- 

ing themselves with several Branches of 
Science, or with Science and Literature 


— ...w.iatica and Physics. 

Zhenustiy and Photc^xaplw 
[Oology, Geography, and Mineralo^. 
Biology, mcludmg Microscopy anoAn- 
diropology 


§ 6 Economic Science and Statuuci 
9 7 Mechamcal Science, Engmeerhig, and 
Architecture. 

9 8 Naval and Mflitaty Saence. 

9 9. Agriculture and Horticalhire. 

9 xo Law 
9 zi Literature 
9ia. Psychology 
9x3. AimisBology 


9x4. Mbdiokb 


“ Fills a very real want '^— En ^ eertn ^ 

“ Indispensable to any one who may wish to keep himself abreast of the scientific 
work of the day ” — Edinburgh Medical Journal 

'*It goes almost without saying that a Handbook of this subject will be m tim«i 
ono^ofjhemMtjjOTemU^jus^dworiBjoTjieUbraij^m^^edMkJ^T'/tr Ttmet 

Copies of the First Issub^ giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Senes, may still be 
had, price 7/6. Also Copies of the Issues following. 
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ELEMENTARY ENGINEERINC WORKS. 


Seoond Edition In Crown 8vo. Handsome Cloth. Fully Hlnstrated. 

MECHANICAL ENGINEERINC 

ipoit BiEca-zifrisrEK/S. 

By B. 8. M‘LABiSN. 

CONTSNIS —Materials —Bolts and Kuts, Studs, Bet Sorevs —Boilers —Steam Badsing 
Acoeaaoriea — Steam Pipes and Valves —The Steam Engine — Powei* Transmiaalon — Con 
denslng Plant —The Steam Turbine — Eleotiioity — Hydraullo Machinery — Gas and Oil 
Hngluea— Strength of Beams, and Useful Iiifonuatiou — indbx. 

•* The best of its Wud we have seen, and should be in the hands of every apprentice ' — 
StBannMh%p 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS. 

Croiiyii 8vo With Illuetraixo'iis mid Exammoiim Papers. 

STEAM AND OTHER HEAT ENGINES (Elementary Manual of). 

Poi Pirst-Yeai Students, foimlng an Intioduotlon to the Autnov’s larger Work 
Twelfth Edition, Bevlsed and Enlarged 8s fld 
“Should be In the hands of hvbry engineering apprentice."— PioeiiofiZ B^igiTieer 

MAGNETISM AND ELECTRICITY (Practical Elementary Manual 

of). Por Flrst-Yeni Students With Stud InsLCE oudB ofE Exam. Questions 
Eighth Edition, UevlBed and Enlarged Ss. Od 
“ A THOROUGiiLT TRUSTWORTHY Text-book Praotioal mid oleni' "^Nature 

APPLIED MECHANICS (Elementary Manual of), For First-Year 

Students With B of E , 0 and G , and Stud Inst C B Questions. Ninth 
E hiiTioN, Eevlsed and Greatly Eulaiged Ss Od 
“The work has vnry high qualitibs, wliioh may be condensed Into the one word 
•* oiiBATt.' Science and Ai £* 


TEXT-BOOK OF ENGINEERING DRAWING AND DESIGN. By 

HiDNBT H Whlls, Wh So FIFTH EDITION VoL I —Practical Geometry, Plane aud 
Solid, 4s, ed VoL. IL— Machine and Engine Di awing and Design, 4a Gd The 
volumes sold sepni-ately 

AN ELEMENTARY TEXT -BOOK OF MECHANICAL DRAWING. 

ByJOHxE JagGBR, M So , WH So Pi of usely Illustrated 10s 6d net 

HINTS ON STEAM ENGINE DESIGN AND CONSTRUCTION. By 

Charlhh hurst Sboond EDmoN with 92 Illufltrfttioua la Cd not 
THERMO-DYNAMIC PRINCIPLES OF ENGINE DESIGN. By Lionel 

HOQBS, BhN , Instructor In Applied Mechanics and Engine Design at the Eoyal 
Naval Oollege, Greenwich 4s Od net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. By 0. B Larabd, 
A M lust 0 R, and H A Goldino, AMI Mech E Sboohd Edition 6b. net 
TELEGRAPH SYSTEMS, and Other Notes. By Aethur Crotch, 

of the Englneei-lu-Ohlofs Dept., G P 0 With 222 IHuBtratlons. 6s net. 

THEODOLITE SURVEYING AND LEVELLING. By Prof. James 

Pare, F G S. In Crown 8vo Cloth Illustrated Os. net 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



saimTino rouanoes. 


ROMANCES. 




THE bas most graciously condescended 

^'oeept a copy of each of these hooks. 


]?.S.A.Soot, pls, fos, eras, 
P.RMS., FBA 

SatifiaQluo.Clobli. Qilt Lebtering Frioe 6s 

fH THE SUM IN NN 
NWSHIPs 

q^RILLING SCIENTIFIC ROMANCE. 

$aj'''ol regooNS tmibowlsilge an the part of the author 
todi^ooyferlafl are well worth following ’’—Tlinss Literary Supplement 
V to make his tale absorbing at all points, the Interest never 

^aone^tio never falls The suggestions opened out aie numerous and 
^ dlsousslons are on very deep subjeota, and though they do not 
harflly as ilhiminatlng as the nttei'anoes of poets, they are put 
' and in a oonTinoSug manner, whloh shows that the author takes his work 

Hlasoientlflo knowledge aids him well In his task, and has enabled him to 
a fine novel as attractive bo boys as to grown up people "—Daily Telegraph 
' 

COMPANION VOLUME TO THE ABOVE 
In Grown 8vo. Uniform with the above. Pnoe 3s. 6d. 

THE STOUEN PLUNET. 

SOME PRESS OPINIONS OP THIS. 

Omtaln'lt is that the reading of this capital story will prove exdtlng, for compared 
with the adventures therein written, the books of Jules Verne and H G Wells leod 
like the placid pages of Mias Austen's novela '—Daily Telegraph 

" iSr lyfastln's Ingenious and engaging fantasy he Is to be commended for 

resooroe, ingenuity, and persistent vimur of narrative "-^aegow Herald, 

“ It Is a graphic and eaCdtlng tale —Times 



t 


THE ADVENTURES OP A SOUTH POLAR EXPEDITION 
In Crown 8vo Handsome Cloth. Pnoe 6 b 

THE immORTNL LIGHT, 

PRESS OPINIONS. 

" More daring than Foe's ' Narrative of Arthur Gtordou Pym of Nantucket’ Is Mr 
Maatln's romance of Antarctic adventure , for Poe, having Introduced a giant ‘ of the 
perfect whiteness of the snow,* regrets the loss of his crowning chapters Certainly, if 
the matter whloh they contained 'relative to the Pole Itself, or at least to regions in 
its very near proximity,' was as sensational as ‘ The Immortal Ught,’ the loss Is deplor- 
able The story is wildly improbable, but confronts inoradnlity with a 

considerahle display of scientific detail A strong religious feeling animates the last 
part of the book. — AfAc7ian«Ji. 


These three volumes are uniform in size and binding. 
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